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ABSTRACT 


The Percy quadrangle in northern New Hampshire embraces an area of rugged 
topography maturely developed by stream action and subsequently modified by 
continental glaciation. The region is drained chiefly by the Upper Ammonoosuc 
River which flows generally westward into the Connecticut River. 

Strongly folded and metamorphosed micaceous quartzites and schists of the Albee 
formation and somewhat younger amphibolites of the Ammonoosuc volcanics con- 
stitute the oldest (upper Ordovician?) rocks of the region. These have been intruded 
by silicic plutonics representing four distinct magma series: (1) Lost Nation group 
of the Highlandcroft magma series (upper Ordovician?), (2) Oliverian magma series 
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(middle Devonian?), (3) New Hampshire magma series (upper Devonian?), and (4) 


1087 

1087 § White Mountain magma series (Mississippian?). 

1087 Ring dikes and stocks, composed of syenite and granite of the White Mountain 
108g | magma series, form features of particular interest in the quadrangle and are believed 


1088 to have been emplaced by ring-fracture stoping or cauldron subsidence. In some 
1088 § cases the process appears to have involved wholesale intrusion of magma along clean- 
1099 § cut, ring-shaped or arcuate fractures; in other instances arcuate shatter zones ap- 
1089 parently developed and these were intruded by multitudinous small dikes which 
1089 gradually replaced the country rock. 


1090 

1000 INTRODUCTION 
1090 LOCATION OF AREA 
1090 


1090 The Percy quadrangle lies in the northern part of New Hampshire within the 
1091 county of Coés, and includes the whole or portions of the townships of Stratford, 
1081 Odell, Millsfield, Dummer, Northumberland, Stark, Milan, Lancaster, Kilkenney, 
and Berlin. It is bounded by latitudes 44° 45’ and 44° 30’ and by longitudes 71° 15’ 
1092 — and 71° 30’ (Fig. 1). The area is easily accessible from the south by means of the 
1092 Boston and Maine Railroad, and from the southeast and northwest by the Grand 
1093 Trunk branch of the Canadian National Railway. A state highway extends roughly 
east-west through the central part of the quadrangle. 

1005 During the study of the Percy quadrangle it was found that certain structures in 
1095 the Guildhall quadrangle, Vermont-New Hampshire, immediately to the west, were 
1096 directly related to those in the Percy region. Consequently, a small portion of the 
10% § southeastern corner of the Guildhall quadrangle was mapped in order to complete 
the problem. 


METHOD OF STUDY AND ACKNOWLEDGMENTS 


The quadrangle was mapped during the summers of 1932 and 1933 and took approx- 
imately 6 months. Marland P. Billings supervised the work and was with the writer 
1062 § for 10 days during the second season. The writer was assisted during the two seasons 
1086 § by Bernard F. Chapman and Carleton A. Chapman. The advance sheet of the 


1069 Percy quadrangle, mapped by the United States Geological Survey on a scale of 
= 1:48,000, was enlarged approximately 2} times and used as a base map. All eleva- 


tions were taken with an aneroid barometer and are probably accurate to within 
feet. Pace and compass traverses were run in heavily wooded areas where struc- 
tural relations are complex. 

Petrographic and other laboratory studies were made under the guidance of 
Marland P. Billings and Esper S. Larsen, Jr., and the geology and physiography were 
discussed with Reginald A. Daly and Kirk Bryan, respectively. New analyses of 
minerals were made by F. A. Gonyer. Problems in differentiation in the White 
Mountain petrographic province were worked out in collaboration with Charles 
R. Williams. Through the kindness of Charles Palache and the Division of Geologi- 
cal Sciences, Harvard University, money was obtained from the Holden Fund to 


ded finance the field work and to pay for thin sections and chemical analyses. Financial 
roup § id was also received from the Whitney Fund of the Division of Geological Sciences, t 
Harvard University. 
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Figure 1.—Index map of New Hampshire 


Showing location of Percy quadrangle (P). Other related quadrangles are: G = Guildhall, MW = Mount Wash wad 
ington, W = Whitefield, L = Littleton, M = Moosilauke, F = Franconia, and NC = North Conway. quadra 
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The writer acknowledges with gratitude the kindness and assistance of all those 
mentioned above and particularly Marland P. Billings, who guided the course of the 
work, gave unstintingly of his sound advice, and assisted greatly in the preparation 
of the manuscript. Many of the ideas set forth in this report were first propounded 
by Professor Billings. 

The writer is indebted also to his brother, Bernard F. Chapman, who spent months 
in strenuous field work as the writer’s companion. His unselfish and unsolicited 
assistance facilitated immeasurably the mapping of the Percy quadrangle. 

Mildred A. Greenfield helped in the preparation and proofreading of the manu- 


script. 
PREVIOUS GEOLOGICAL WORK 


Prior to the summer of 1932 very little was known about the geology of the Percy 
quadrangle. In 1844 C. T. Jackson (1844) published a very general report on the 
geology and mineralogy of New Hampshire. Hitchcock’s “Geology of New Hamp- 
shire” (1874, 1877, 1878) was a distinct addition to the knowledge of the physiography 
and geology of the state. However, that portion pertaining to the Percy quadrangle 
is general in nature and inaccurate in detail. 

In 1910 Emmons published an account of the copper mine southeast of West Milan, 
and 19 years later the syenite at the Devils Slide was mentioned briefly by Wolff 
(1929). Goldthwait’s book on the geology of New Hampshire (1925) and his various 
other publications on the glaciation of the Presidential Range (1913a, 1913b, 1938) 
have a bearing on the glacial history of the Percy region. Recent papers too numer- 
ous to list here mention the Percy quadrangle or portions thereof. 

The work of Billings (1937) in the Littleton and Moosilauke quadrangles to the 
southwest has helped immeasurably in dating many of the rocks in the Percy quad- 
rangle. Studies on the intrusive rocks of the White Mountain magma series, have 
also proved helpful in the present work. 

Several publications have already resulted from the writer’s work in the Percy 
quadrangle. One of these (R.. W. Chapman, 1935) described the ring dikes and 
stocks of the quadrangle, another (R. W. Chapman, 1940) discussed the Percy Peaks, 
and a third (Chapman and Williams, 1935) included data from the Percy quadrangle 
on differentiation in the White Mountain magma series. It was deemed advisable, 
however, to delay publication of the general and final report until a colored geological 
map could be printed. This map has been delayed for several years chiefly due to 
the war. The delay is not entirely unfortunate, however, as in the meantime the 
Mount Washington quadrangle immediately to the south has been mapped and two 
reports on the geology have been published (R. W. Chapman, 1942; Billings, C. A. 
Chapman, R. W. Chapman, Fowler-Billings, and Loomis, Jr., 1946). These studies 
revealed a few minor errors in mapping along the southern edge of the Percy quad- 
rangle and necessitated altering a few previous interpretations of the structure of 
that region. Consequently, the geological map (Pl. 1) presented herewith differs 
somewhat from the geological map covering the southern portion of the Percy 
quadrangle (R. W. Chapman, 1935). 


Wash- 
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PHYSIOGRAPHY AND CULTURE 


The Percy quadrangle lies in the west-central portion of the White Mountain see. 
tion of the New England physiographic province (Fenneman, 1938). Rugged, 
maturely dissected topography is cut into metamorphosed sediments, volcanic rocks, 
and coarse-grained intrusives. Asin the Mount Washington quadrangle immediately 
to the south, the mountains are high and not readily accessible, but they do not 
reach timber line. Most of the higher summits range between 3000 and 3900 feet, 
and Mount Cabot, the highest peak, rises over 4100 feet. The Upper Ammonoogue 
River leaves the quadrangle at an elevation of 900 feet, making the total relief in 
the area about 3200 feet. Percy Peaks, in the northwest part of the area, are two 
monolithic domes formed by exfoliation of a coarse biotite granite (R. W. Chapman, 
1940). 

The mountains of the area have been developed almost wholly on coarsely crystal- 
line intrusives (Pl. 2, figs. 1, 2), whereas the valleys and lowlands are underlain by 
the softer metamorphic rocks. In addition, the topography expresses remarkably 
the structure of the underlying rocks, particularly that of the intrusives (PI. 1), 
The extensive modification of the pre-existing topography by intense glacial action 
will be discussed briefly in the section on glacial features. 

Some of the summits such as The Horn and Greens Ledge in the southern part of 
the quadrangle are now bare rock due to glaciation and to forest fires which swept 
over them some 50 years ago. Whether the northern of the Percy Peaks has been 
bare ever since the retreat of the ice sheet is not known. In addition to forest fires, 
extensive lumbering operations have done their share toward destroying the original 
dense forest cover. The mountainous areas are now heavily wooded, however, and 
an abundance of partly burned logs, low scraggy spruce, and blown-down or cut- 
down timber make certain parts of the mountains almost inaccessible. On the steep 
slopes on the west side of the Pilot Range and also on Long Mountain a number of 
long rock slides have developed. 

The area is drained principally by the Upper Ammonoosuc River which flows in 
a northerly direction as far as West Milan, and then swings westward to join the 
Connecticut River at Groveton just off the western edge of the quadrangle. Along 
the greater part of its course the Upper Ammonoosuc River has developed a con- 
spicuous strath, but locally the course is constricted by steep mountain slopes on 
either side. The river is a notable example of a stream which has adjusted itself to 
the structure of the underlying rocks. It has developed its course almost entirely 
on the softer metamorphosed rocks as it swings northward and westward in a gigantic 
arc about the harder intrusives of the White Mountain magma series. Tributary to 
this main river are Nash Stream and Phillips Brook,two large streams flowing directly 
south and draining the mountainous regions to the north. The area to the southis 
drained by a complex network of streams flowing in all directions. 

Remnants of two ancient erosion surfaces occur at elevations of 1200 and 2400 feet. 
The lower of these can be traced westward from Crystal along the north side of the 
Upper Ammonoosuc River to a point south of Potters Ledge. The region known as 
Bag Hill is probably a westward extension of this same level. Apparently this sur- 
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Ficure 1.— GLaciaTep ToroGRAPHY 
View looking west from York Pond road showing partly preserved pre-glacial slopes, the steepness of which 
has been accentuated by ice-plucking. Topography is developed in coarse Conway biotite granite. 


4 


Ficure 2.— Pitot RANGE 
View looking northeast from vicinity of Lost Nation village. Low hills immediately beyond open fields 
are carved from syenite of the Parks Brook ring dike. High mountains beyond, culminating in Hutchins 
Mountain (center background), are developed in variable syenites of the Pilot Range complex. Lowland 
in foreground is underlain by dioritic rocks of the Lost Nation group. 


GLACIATED TOPOGRAPHY AND PILOT RANGE IN THE PERCY QUADRANGLE, 
NEW HAMPSHIRE 
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Ficure 1.— Carpe Horn Rinc Dike 
View looking northwest. This arcuate dike, rising nearly 1000 feet above the lowland, is probably the best 
expressed topographically of any similar structure in North America. 


Ficure 2.— Devits Rinc Dixe 
View looking northeast toward southwestern end of dike. Arrow indicates location and approximate dip of 
schist screen. Note that screen dips steeply inward (southeastward) toward the geometrical center of the are. 


CAPE HORN AND DEVILS SLIDE RING DIKES 
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face represents an earlier pre-glacial course of the Upper Ammonoosuc River, which 
is now highly modified by thick deposits of drift. The higher surface, located in the 
north-central ninth of the quadrangle in the vicinity of Trio Ponds, has a small area 
and has not been correlated with any surfaces in the surrounding quadrangles. 

Because of the rough mountainous character of the greater part, the Percy quad- 
rangle is only sparsely settled. The few villages (Stark, Percy, Crystal, and West 
Milan) located along the valley of the Upper Ammonoosuc River have altogether not 
more than a few hundred inhabitants. They are but mementos of earlier days when 
extensive lumbering operations were the main industry. Much of the region is now 
a part of the White Mountain National Forest. 

In the early part of this century a small copper mine (Emmons, 1910) flourished 
for a short time southeast of West Milan on the east side of North Branch of the 
Upper Ammonoosuc River. The mine produced a small amount of copper with 
associated gold and silver, but the ores quickly ran out. Quarrying of granite and 
syenite for building stone, at one time a minor industry, has been given up. At 
present the only occupation of any importance is farming. The fertile flood-plain 
of the Upper Ammonoosuc River furnishes opportunity for the production of hay, 
corn, and oats, but these are grown rather sporadically. 

The village of Groveton, a paper-making town with a population of 2500, lies to 
the west of the area in the Guildhall quadrangle. The city of Berlin with its 18,000 
inhabitants is located about 5 miles southeast of the Percy quadrangle. In addition 
to the main highway along the Upper Ammonoosuc River, a number of unimproved 
roads follow tributary valleys. Well-marked trails, some only recently cut by the 
Forest Service, help to make the mountainous terrain more accessible. 


GLACIAL FEATURES 


Both continental and local mountain glaciation have played important roles in 
the late physiographic development of the Percy region. Glacial groovings and 
striations in different parts of the quadrangle indicate that the continental ice sheet 
moved southeasterly across the area. The effects of this movement have been both 
erosional and depositional. 

If one stands on the York Pond road, in the southeastern portion of the quadrangle, 
just south of its junction with the main highway, and looks west, an impressive view 
of the effects of the ice may be obtained (PI. 2, fig. 1). Several summits with rela- 
tively gentle northern slopes present sheer cliffs facing south and southeast which 
are several hundred feet high. These steep faces appear to be partly preserved pre- 
glacial slopes made steeper by ice-plucking. 

Many glacial erratics, some of great size, have been scattered about the area, and 
great quantities of till and kame gravel have been deposited, especially in the river 
valleys. In one place along the Upper Ammonoosuc River, about 2 miles south of 
West Milan, the river cuts through nearly 100 feet of till. Stratified drift is not com- 
mon in the region. A few drumlins, oriented in a northwest-southeast direction, 
are confined to the eastern edge of the area. They include Horn Hill and the two 
low hills northeast of Dummer Hill. Cummings Mountain, Bickford Hill, and Hodg- 
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don Hill are drumloids with bed rock at their summits. Numerous swamps, ponds, rough! 
and glacial lakes, some at elevations of nearly 3500 feet, are still other results of cchist. 
glacial deposition. 
Mountain glaciation has likewise been influential in modifying topography. The Phillip 
high mountainous area in the vicinity of Mount Cabot appears to show erosive action beds V 
of mountain glaciers, and several U-shaped valleys with fairly sharp intervening and mi 
ridges have been formed. sicace 
In recent years the relative ages of continental and mountain glaciation in New § and ar 
Hampshire have been much discussed. J. W. Goldthwait (1913a, 1913b) and Lane schistc 
(1921) considered all the glaciated mountain valleys to have been carved prior to Ont 
the advance of the last ice sheet, but Antevs (1932) and Johnson (1917, 1933) have on the 
shown that at least some of them are definitely later. More recent work has been § come. 
done by R. P. Goldthwait (1939, 1940). The relative ages of continental and moun middle 
tain glaciation in the Percy quadrangle, however, are not known. aoe ( 
No attempt was made to map systematically the Quaternary deposits which con- of the 
ceal much of the bed rock of the region. On Plate 1, drift and alluvium are shown ture-p! 
only where they are exceptionally thick and extensive or where they cover critical comple 
data. Dashed lines indicate rock boundaries which could not be located with pre J “Tyan, 
cision due to Quaternary cover. Locally these boundaries may be off a quarter of Mid 
a mile. longs | 
in the 

PETROGRAPHY three 

ALBEE FORMATION quartz 

quartz 

Distribution and general nature.—A group of rocks, consisting chiefly of mica- Mic 
quartz schist, sillimanite-mica schist, and micaceous quartzite, is believed to be the graine 
oldest formation in the Percy quadrangle. Because of lithologic similarity, and be- silvery 
cause of their association with the Ammonoosuc volcanics, these rocks are correlated paralle 
with the Albee formation of the Littleton quadrangle, 30 miles to the southwest, B a.4 o 
which has been shown by Billings (1937, p. 475) to be pre-Silurian (upper Ordovi- § 5.1, 
Gani). rich la 
The Albee formation underlies about 90 square miles in the Percy quadrangle. The 
Because these rocks are soft, compared with many of the later intrusives, they under- § 4,4. ‘ 
lie the lowlands and hold up low ridges and hills. Due to the heavy cover of glacial § 4... 
drift, outcrops are not abundant, but along the main highway near West Milanand § .,., , 
in Phillips Brook in the village of Crystal good sections of the formation are exposed. Gra 
On the ridges east and southeast of Long Mountain, on Location Hill, on the low to 0.1 
hills in Dummer, in the vicinity of Bag Hill, and on Stratford Mountain are other good meter, 
outcrops. eters r. 
Because the rocks of this group have been intensely folded and sheared, an accurate Qua 
calculation of their thickness in this quadrangle is impossible. Billings (1937, p. the mi 
474-475) estimated their thickness in the Littleton quadrangle to be about 4,000 § ...4;, 
feet, but stated that intense drag folding makes an accurate determination im- tock a 
possible. metam 
Bedding is rarely seen in the Albee formation, but wherever observed it is alwayS BH chics 
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roughly parallel to the schistosity. It is shown in the quartzite and mica-quartz 
schist chiefly by the ribbed surface caused by differences in the resistance of the 
yarious beds to weathering. Bedding is exceptionally well exposed in the falls of 
Phillips Brook in the village of Crystal. Throughout the quadrangle individual 
beds vary greatly in thickness. Locally, alternating layers of micaceous quartzite 
and mica-quartz schist are only a fraction of an inch thick, whereas elsewhere massive 
micaceous quartzites are as much as 10 feet thick. The beds invariably dip steeply 
and are characteristically crumpled so that in many places it is difficult to distinguish 
shistosity from bedding. 

On the geological map (PI. 1) the Albee formation has been divided into two zones 
on the basis of metamorphic grade: (1) middle-grade zone, and (2) high-grade zone. 
Some of the rocks in the middle-grade zone contain both minerals critical of the 
middle-grade zone (biotite and garnet) and minerals characteristic of the low-grade 
ne (sericite, chlorite, and chloritoid). These rocks contain minerals diagnostic 
of the middle-grade zone and have been metamorphosed under equivalent tempera- 
ture-pressure conditions. However, since for some reason they have failed to achieve 
complete equilibrium in the middle-grade zone they are discussed under the heading: 
“Transition zone.” 

Middle-grade zone.—The bulk of the Albee formation in the Percy quadrangle be- 
longs to the middle-grade zone. Following the practice of Billings (1937, p. 474) 
in the Littleton-Moosilauke area, the rocks of this zone are arbitrarily divided into 
three groups on the basis of the amount of quartz: Mica schist (less than 60 per cent 
quartz), mica-quartz schist (between 60 and 80 per cent quartz), and micaceous 
quartzite (more than 80 per cent quartz). 

Mica schist and mica-quartz schist are the most abundant types. They are fine- 
grained rocks, ranging from green to light gray, and in many places possessing a 
silvery or greenish sheen. Many specimens show excellent schistosity caused by the 
parallel arrangement of mica flakes. On Stratford Mountain west of Nash Stream 
and on the ridges to the east of Phillips Brook the mica schist is coarser and more 
variable in texture, and coarse mica-rich varieties are interbedded with finer-quartz- 
ich layers. 

The micaceous quartzite, also fairly abundant, is hard, massive, and generally 
dark gray or black, with a greasy luster on the freshly-broken surface. It rarely 
shows stratification, but occasionally very narrow bands of coarse quartz grains indi- 
cate original bedding. 

Grains in the groundmass of the mica schist and mica-quartz schist range from 0.03 
to 0.1 millimeter and those in the micaceous quartzite range from 0.05 to 0.1 milli- 
meter. The large biotite porphyroblasts found in many of these rocks attain diam- 
eters ranging from 0.5 to 1.3 millimeters. 

Quartz, oligoclase, biotite, and muscovite are the chief constituents of the rocks of 
the middle-grade zone. Quartz ranges from 27 per cent in the mica schist to 82 per 
cent in the micaceous quartzite. Adjacent grains are securely interlocked to give the 
tock a “granoblastic-sutured” texture that indicates complete recrystallization during 
metamorphism. Oligoclase rarely exceeds 4 per cent, but some of the mica-quartz 
schist contains more than 15 per cent. Most of the oligoclase occurs as distinct 
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grains, but in some specimens it is interstitial between the quartz grains, suggesting 
that it represents recrystallized argillaceous material. 

Biotite composes from 9 to 36 per cent of the rocks of this zone. Most of it isin 
small parallel plates which help to produce a schistose structure. In the mig. 
quartz schist and micaceous quartzite, particularly, some of it forms irregular pop 
phyroblasts, which are set athwart the schistosity (Pl. 4, fig. 1, 2). These are typi. 
cally spongy and contain poikilitic intergrowths of quartz and oligoclase. 

Muscovite is scarce in the micaceous quartzite of this zone but in some specimens 
of mica-quartz schist and mica schist it composes over 30 per cent of the rock. Up 
like much of the biotite, it is always arranged in parallel planes and in many cases the 
crystals are grouped to form narrow bands. Almandite composes 5 per cent of one 
specimen of mica-quartz schist but in all other specimens it is absent or present only 
in traces. Staurolite forms 5 per cent of one specimen of mica schist and 1 per cent 
of a specimen of mica-quartz schist. 

Accessory minerals of the middle-grade zone include chlorite, epidote, magnetite, 
pyrite, zircon, sphene, apatite, tourmaline, rutile, and calcite. The chlorite makesup 
as much as 15 per cent of some of the micaceous quartzites but in all cases it has 
apparently altered from biotite. 

Modes of several representative specimens from the middle-grade zone are shown 
in Table 1. 

High-grade zone.—Sillimanite-mica schists, rocks of the high-grade zone, are found 
in two localities: (1) At the southwest end of Whitcomb Mountain, and (2) at the 
northern end of the north-south ridge directly west of Dummer Ponds. In both cases 
they lie adjacent to the stock of Long Mountain granite. Both masses cover a 
total area of probably not over 2 square miles. However, it was found impracticable 
on the geological map to draw boundaries between the rocks of the high-grade zone 
and those of the middle-grade zone because of the paucity of outcrops and the ap- 
parent gradation between zones. Texturally most of the rocks of the high-grade 
zone resemble the mica schist and mica-quartz schist of the middle-grade zone but 
they are somewhat coarser, the grain size ranging from 0.3 to 2 millimeters. Min- 
eralogically they differ from these two types in containing sillimanite, a mineral 
indicating high-grade metamorphism. Sillimanite composes from 5 to 10 per cent of 
the average rock, although one specimen contains 26 per cent. The mineral has 
grown as fine hairlike fibers or sheafs of radiating fibers, but in one sample the crystals 
are coarse and bladed and oriented roughly with the schistosity. Other minerals 
typical of these rocks are quartz, biotite, and muscovite. Modes of two specimens 

of sillimanite-mica schist are given in Table 1. 

Transition sone.—Technically, these rocks belong to the middle-grade zone be 
cause all contain some biotite and a number contain almandite, and they are shown 
on the geological map (PI. 1) as belonging to the middle-grade zone. However, none 
of them has attained the equilibrium conditions characterizing the middle-grade zone. 

The rocks of the transition zone have been divided arbitrarily into two groups based 
upon the amount of quartz: Mica-chlorite schist (less than 60 per cent quartz) and 
mica-chlorite-quartz schist (between 60 and 80 per cent quartz). They crop out in 
widely scattered localities throughout the quadrangle. The largest area is at Bag 
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TABLE 1.—Modes of the Albee formation 


3 
Zone and Rock Name 3 wie 
Transition : 
Biotite-chlorite-seri- 
cite quartz schist.. .} 19255) 65] 14) 11) 44 —| 6 —| — —| — — 
Chlorite-sericite- 
quartz schist... ... 19325} 62) 7| 4 3/444 
Biotite-chlorite-seri- 
cite schist........ 19674) 49) 16) 24, —| — —| 11] — — 4 S Ser} 
Chlorite-sericite- 
19254) 50) 26) 15) —| — —| tr} — — tr| tr/ tr} — 
Chloritoid-sericite 
Middle-grade: 
Biotite-muscovite 
quartzite......... 19323} 823 — —| — 49 
Biotite-muscovite- 
quartz schist... ... 19660) 73} — — 17), 9 S tr) 
Biotite-muscovite- 
quartz schist 19657| 64) —| — — 19 St) 
Biotite-garnet- 
quartz schist 19250) 62) — —| tr} 333 5}; 
Biotite-quartz schist..) 19249! 74, —| —| —| —} 15) 11); 4S 4 
Biotite-quartz schist..| 19300) 63} —| —| —| 17} — —| Str} 
Biotite-muscovite 
19670) 52; — —| —| — — 13) 333 
Biotite-muscovite 
19330) 53) —| —| —| —| 20) 2333 — — 
Biotite-muscovite 
Biotite-muscovite 
19331} 27, —| —| 4] 36) 29 4) tr} Str] — 
Biotite-muscovite 
19324) 57} — —| —| —| tr| 16) 227) —S —| 5 tr} Str} — 
Biotite-muscovite 
19328} 49} — —| —| 9} 27) 4 — 
Biotite-muscovite 
19675) 565 — —| —| — — 18) 23 — —| 4); — 
Biotite-muscovite 
staurolite schist. ..} 19655) 39) 343 —|5| —| Str} Str] 
High-grade : 
Sillimanite-biotite- 
muscovite schist...} 19654) 58) —| 15] 18 —| 9) Str} 
Sillimanite-biotite- 
muscovite schist...} 19673] 22} —| —| —| 24} 28} —| —| —| —| —| — 
* Refers to the number of the thin section in the Harvard University thin section catalog. 
t Biotite crystals in the groundmass and in the porphyroblasts are grouped together here. In some specimens of the 
middle-grade zone much of the biotite has altered to chlorite. 
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Hill on the western edge of the quadrangle where at least 5 square miles are know, 
even though a thick cover.of glacial drift and river alluvium hides much of the bed. 
rock. The rock here consists chiefly of very fine-grained gray mica-chlorite schist, 
resembling phyllite, whose individual minerals rarely exceed 0.01 millimeter in diam. 
eter. Specimens exhibit a marked silvery luster and crinkled schistosity. Inter. 
bedded with this mica-chlorite schist are layers of fine-grained mica-chlorite-quartz 
schist which texturally resembles the mica-quartz schist of the middle-grade zone, 

Two and a half miles due northeast of the village of Percy, a poorly exposed mass of 


phyllitic mica-chlorite-quartz schist covers at least a square mile. Texturally and | 


mineralogically the rocks in this area resemble the types on Bag Hill. The narrow 
patch of rocks interfolded with the Ammonoosuc volcanics 2} miles south of West 
Milan consists of mica-chlorite schist which similarly resembles the rocks on Bag Hill, 
A small area of chloritoid-mica schist, covering at least half a square mile, is exposed 
on Mt. Patience in the extreme northeastern corner of the map. It is assigned to the 
transition zone because of the presence of both chloritoid and almandite. 

On the whole the rocks of the transition zone are somewhat finer grained than those 
of the middle-grade zone and tend to be more phyllitic. Quartz, ranging from 42 to 
65 per cent, is the dominant mineral, but sericite (7 to 48 per cent) and chlorite (11 to 
24 per cent) are also abundant. The two latter minerals are generally oriented and 
in many specimens are concentrated in bands. Between 6 and 11 per cent of biotite 
is found in the rocks from the Bag Hill region and lesser amounts occur in the area 
northeast of Percy and in the one south of West Milan. Eight per cent of chloritoid 
and 2 per cent of almandite were found in one specimen from Mt. Patience. De 
tailed modes, showing the chief mineral constituents of five rocks from this zone 
together with their accessories, are listed in Table 1. 


AMMONOOSUC VOLCANICS 


Distribution and general nature.—In the southeast portion of the Percy quadrangle, 
to the east of Greens Ledge, metamorphosed volcanic rocks are exposed over an area 
of about 5 square miles. These have been correlated with the Ammonoosuc vol 
canics of the Littleton quadrangle (Billings, 1937, p. 475-480) some 30 miles to the 
southwest because of the close lithologic resemblance and because in both areas the 
Albee formation and the Ammonoosuc volcanics are closely associated. Billings 
considers the age of these rocks to be pre-Silurian (upper Ordovician?). 

A good section across the strike of the Ammonoosuc volcanics is exposed along the 
highway between Nay Pond and Hodgdon Hill (southeast ninth). Elsewhere out- 
crops are poor, for the bedrock is buried deeply beneath glacial debris. Unfortu- 
nately, the highly folded character of the Ammonoosuc volcanics in this area makes 
an accurate determination of their thickness impossible. 

In the Percy quadrangle the Ammonoosuc volcanics consist predominantly of 
amphibolite with some interbedded biotite gneiss and muscovite quartzite. All of 
these rocks have the texture and mineralogy typical of the middle-grade zone. 

Amphibolite—This rock is variable both in color and structure. Those types low 
in hornblende are light-gray; those rich in hornblende are light-green, dark-green, or 
black. In some specimens hornblende porphyroblasts are orierited in planes giving 
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the rock a definite schistosity, but in others they have a random orientation and the 
rock is massive. 

Along the road north of Hodgdon Hill the amphibolite is layered, and some layers 
display conspicuous hornblende prophyroblasts. The general attitude of the layers 
is N 30° E, 50° NW. This layering indicates differences in original material, but 
whether the layers represent pyroclastic beds, successive flows, or a combination of 
both is not clear. Some layers contain small, elliptical blebs of feldspar 2 to 3 milli- 
meters in diameter. Many of these are clustered and some are oriented with their 
longest diameter parallel to the layers. They appear to represent either distorted 
phenocrysts or amygdaloidal fillings of vesicles. 

The amphibolite is generally fine-grained, grains in the groundmass ranging from 
0.04 to 0.08 millimeter in diameter. However, hornblende porphyroblasts range in 
length from 0.5 to 2.5 millimeters. Hornblende, andesine, epidote, and quartz are 
the dominant constituents; biotite, pyrite, magnetite, chlorite, apatite, garnet, and 
zircon make up the accessories. 

Blue-green hornblende is the most characteristic mineral in the amphibolite. In 
the more schistose varieties it forms parallel needles whose orientation produces a 
foliated structure. In the more massive types, the needles are randomly oriented 
and form porphyroblasts which poikilitically inclose quartz and feldspar. The opti-— 
cal properties of the hornblende have been determined as follows: biaxial negative; 
a = 1.654, 8 = 1.670, y = 1.681; optic angle = 80°; dispersion perceptible, r > 2; 
Y=b,Z A c = 20°; pleochroism Z > Y > X, Z = light blue, Y = pale yellow- 
green, X = pale yellow. Since these data are nearly identical with those obtained 
on the amphibole from the basic dikes and sills to be described later, the chemical 
compositions of the two are undoubtedly similar. Chemical analysis of a similar 
mineral from the Moosilauke quadrangle, New Hampshire (Billings, 1937, p. 513) 
indicates common hornblende with a considerable amount of alumina. 

Sodic andesine (rarely oligoclase) composes from about 10 to about 25 per cent of 
the amphibolite. Epidote is very abundant in most specimens, and in some makes 
up nearly 40 per cent of the rock. Thoroughly recrystallized quartz grains range from 
9 to 18 per cent, and biotite, although not common, composes 4 per cent of one speci- 
men. Modes of three amphibolites from the Ammonoosuc volcanics are shown in 
Table 2. 

The structure, texture, and mineral composition of the amphibolitic rocks suggest 
that they were originally andesitic and dacitic tuffs and flows. 

Biotite gneiss—This rock type, which is interbedded with the amphibolite, is not 
abundant. It is a fine-grained, dark-gray rock with a fragmental texture suggesting 
that it was originally pyroclastic. Andesine, quartz, and biotite are the principal 
minerals, and accessories include small amounts of hornblende, epidote, and pyrite. 
This composition, together with the fragmental texture, indicates that the rock was 
originally a dacitic tuff. The mode of one specimen is shown in Table 2. 

Muscovite quartzite—At the old copper mine northeast of Hodgdon Hill pyritif- 
efous muscovite quartzite is associated with amphibolite. Although this rock type 
may possibly represent an anticline of the Albee formation, the rock bears little 
resemblance to the quartz-rich phases in the Albee formation. More likely, the 
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rock is actually interbedded with the Ammonoosuc volcanics. Billings (1941, p 
876) has described similar rocks in the Ammonoosuc volcanics. 

The quartzite is white and granular with a grain size averaging about 1 millimeter 
In addition to quartz it contains muscovite and highly-altered oligoclase (?). } 


TABLE 2.—Modes of the Ammonoosuc volcanics 


Zone and Rock Name ee, 


| Hornblende 
| Andesine 
| Muscovite 


| Pyrite 


| Oligoclase (?) 


46} 23|—| 9/18) 
(19316) |, 30 | —| 9}; —|—|—|—|— 
Amphibolite................... (19672) | 63 |} 12}—| 9/13| te 1] 2/— 
cissz9) | 3) 43/—| 7/23) 21|—| 
Muscovite quartzite............ (19656) | —|—| 8] 12 —|- 


* Refers to the number of the thin section in the Harvard University thin section catalog. 
t In some specimens much of the biotite has altered to chlorite. 


forms the wall rock for the ores at the copper mine and some specimens carry a high 
content of pyrite. A mode of one specimen is shown in Table 2. 


LOST NATION GROUP 


Distribution and general nature.—In the southwest corner of the Percy quadrangle 

a roughly triangular mass of dioritic plutonic rocks covers an area of about 23 square 
miles. From its typical occurrence about the small community of Lost Nation, this 
mass is named the “Lost Nation group.” Rocks of this group also compose the 
“screen” between two ring dikes of syenite immediately to the east. Rocks of the 
Lost Nation group are also exposed in the Guildhall quadrangle, directly west of the 
Percy quadrangle, where they cover an area of at least 2 square miles. In the north- 
west corner of the Mount Washington quadrangle, due south of the Percy quadrangle, 
rocks of the Lost Nation group underlie about 23 square miles, and these extend 
westward into the Whitefield quadrangle for some distance. Thus the Lost Nation 
group underlies at least 10 square miles, and further mapping in the Guildhall and 
Whitefield quadrangles will undoubtedly show it to be still more extensive. Out- 
crops are plentiful in the northern portion of the mass near the community of Lost 
Nation, but elsewhere they are more or less concealed by the thick mantle of glacial 
debris. 

On the small knoll half a mile north of B.M. 1119 (2 miles north of Lost Nation) 
the quartz diorite belonging to the Lost Nation group cuts the Albee formation. 
On the other hand, the rocks of the Lost Nation group are older than some of the 
intrusives of the White Mountain magma series because in the bed of Burnside Brook, 
at an elevation of 1500 feet, the diorite of the Lost Nation group has been shattered 
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by a hornblende granite belonging to this series. This is as close as it is possible to 
date the Lost Nation rocks in the Percy quadrangle. 

The work of Billings (1937, p. 499-500) in the Littleton quadrangle to the south- 
west, however, reveals a similar group of rocks which he has termed the Highland- 
croft magma series. These rocks are unquestionably pre-Silurian because they are 
overlain unconformably by Silurian limestone. Moreover, since they intrude the 
Ammonoosuc volcanics they are younger than the volcanics and probably upper 
Ordovician. The Lost Nation group has been correlated with the Highlandcroft 
magma series on lithologic grounds and is therefore considered to be pre-Silurian 
(upper Ordovician?). 

The intrusives of the Lost Nation group consist mainly of quartz diorite with a 
minor amount of diorite. However, it was found impracticable to delimit these two 
types on the geological map because their variability and high degree of alteration 
make them difficult to distinguish in the field. Both types are granular and even- 
grained and are dark-gray, dark-green, or black. Gneissoid structure is only rarely 
displayed. The diorite differs from the quartz diorite in four respects: (1) It is 
slightly coarser, (2) it contains no quartz, (3) it has a larger percentage of hornblende 
and a smaller percentage of biotite, and (4) it shows a lesser degree of alteration. — 
These facts at first suggested the possibility that the diorite is actually an early 
representative of the White Mountain magma series (to be described later). How- 
ever, its association with the quartz diorite, as well as its lithologic similarity to that 
rock, indicates that the diorite is really a phase of the Lost Nation group. The 
relative ages of the diorite and quartz diorite are not known. 

Quartz diorite—The quartz diorite, a holocrystalline rock with an average grain 
size of 1 to 2 millimeters, is composed principally of plagioclase, quartz, biotite, horn- 
blende, and epidote. Accessory minerals consist of pyrite, magnetite, apatite, 
chlorite, sericite, zircon, and sphene. The plagioclase forms about 35 per cent of 
the rock and is principally highly twinned andesine. Some grains are conspicuously 
zoned with cores of andesine and peripheries of calcic oligoclase. Highly strained 
quartz composes 20 to 25 per cent of the diorite, and biotite, containing numerous 
poikilitic inclusions of quartz and andesine, makes up about the same amount. Two 
types of hornblende are present, the more abundant of which is the same blue-green 
alumina-rich variety that is so common in the amphibolites of the Ammonoosuc 
volcanics. The other is colorless and appears to be earlier than the blue-green type 
since some grains of it are surrounded by reaction rims of the latter. Likewise a 
few grains of colorless pyroxene show reaction borders of blue-green hornblende. 

Alteration in the quartz diorite is evinced by the development of chlorite from 
biotite, the extensive saussuritization of the more calcic portions of plagioclase crys- 
tals, and the development of sericite from oligoclase rims. 

In the average of four modes of the quartz diorite (Table 3), the figure of 24 per 
cent shown for biotite includes chlorite which has formed from the biotite. 

Diorite —The diorite of this group is coarser than the quartz diorite, the average 
grain size ranging from 2 to 3 millimeters. Moreover, it contains a larger percentage 
of hornblende and a smaller percentage of biotite than the quartz diorite, and practi- 
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cally no quartz. Hydrothermal alteration has been less intense than in the quartz 
diorite. 

Plagioclase, hornblende, and biotite are the principal constituents of the diorite, 
and magnetite, pyrite, apatite, and epidote are the accessories. Plagioclase forms 


TABLE 3.—Modes of the basic dikes and sills, and average modes of the quarts diorite and diorite of the 
Lost Nation group 


| | 
als 
Basic dikes and sills: | | 
Amphibolite...........| (19306) |5 |—| 
Amphibolite........... (19308) }69 | 31 
Amphibolite........... (19312) |s7_ | —| —| 29; —|—|— 14 | 
Amphibolite........... (19313) |36 | — | — 37 4) — | 
Lost Nation group: pay | | | | | | 
Quartz diorite (average | ake 
Diorite (average of 2 | | | | | | 
'400 | — |49.5, — | — | 8.0, —|—| —|—| —| 28 


* Refers to the number of the thin section in the Harvard University thin section catalog. 
t In some specimens a portion of the hornblende has altered to chlorite. 
** Some of the biotite has altered to chlorite. 


about 50 per cent of the rock and consists of highly twinnned and zoned andesine, the 
centers of which are considerably more calcic than the borders. These crystals show 
much less saussuritization than those in the quartz diorite. Hornblende forms both 
large spongy crystals and small clear grains. It is highly pleochroic in olive-green 
and brown and has a large optic angle. Approximately 8 per cent of biotite, similar 
to that in the quartz diorite, is scattered throughout the rock. 

The average of two modal analyses of the diorite is shown in Table 3. 


BASIC DIKES AND SILLS 


Somewhat later than the rocks already described, and cutting them at all angles, 
are numerous amphibolite dikes and sills ranging in thickness from about 6 inches to 


of the Lost Nation group, they are particularly abundant in the Albee formation. 
Along the northeast slope of Location Hill (central-central ninth) these intrusives are 
well exposed in the mica-quartz schist nearly all the way to the top of the hill. At 
the road junction a quarter of a mile south of the village of West Milan (east-central 
ninth), a wide irregular amphibolite dike cuts the country rock, a biotite-muscovile 


4 feet. Although found in the Albee formation, Ammonoosuc volcanics, and rocks § 
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schist of the Albee formation. About 2 miles southwest of here, near the old dam on 
the upper Ammonoosuc River, several sill-like masses of amphibolite intrude the 
Albee formation. The intrusive relations are much clearer here than at any other 
place in the quadrangle. Along the highway extending north from Hodgdon Hill, 
sills of amphibolite, locally cross-cutting, intrude the Ammonoosuc volcanics. Am- 
phibolitized dikes likewise intrude the rocks of the Lost Nation group. 

The basic dikes and sills are medium- to fine-grained rocks, whose groundmass 
grain size ranges from 0.05 to 1.5 millimeters. Hornblende and plagioclase por- 
phyroblasts in some specimens attain lengths of 4 millimeters. Most of the rocks are 
dark-green and massive, but locally a slight schistosity results from the parallel ar- 
rangement of hornblende needles. The typical amphibolite consists of about 60 per 
cent hornblende and about 30 per cent plagioclase with smaller amounts of biotite 
(altering to chlorite), epidote, pyrite, quartz, apatite, and sphene. The plagioclase 
is generally untwinned andesine but one specimen contains calcic oligoclase and a few 
have labradorite. In all cases the epidote has formed by the alteration of the more 
calcic centers of the plagioclase. Modes of five typical amphibolites are shown in 
Table 3. 

The hornblende in the amphibolites shows a variety of habits. Forexample, insome 
sections it forms long, clean-cut crystals on which optical data may be readily ob- 
tained, but in others the grains are short and stubby. Still other sections show fi- 
brous, radiating types, although these are not common. Poikilitic inclusions of 
quartz and andesine are abundant in the hornblende crystals. Table 4 gives the 
optical data for four specimens of this amphibole as well as data on one similar amphi- 
bole from an amphibolite sill in the Moosilauke quadrangle (Billings, 1937, p. 513). 
The specimen from the Moosilauke quadrangle was analyzed chemically (Billings, 
1937, Table 19) and found to be common hornblende with considerable alumina and 
very little soda despite its fairly strong bluish color parallel to Z (Table 5). The 
amphibole from the basic dikes and sills of the Percy quadrangle obviously has a 
similar chemical composition since its optical properties are nearly identical. 

Since the basic dikes and sills cut the intrusives of the Lost Nation group, they are 
definitely post-Lost Nation in age. On the other hand, since they are all consider- 
ably metamorphosed, they were undoubtedly affected by the same deformation which 
metamorphosed the rocks of the Lost Nation group. Thus the age of the amphibolite 
intrusions is post-Lost Nation and pre-deformation (pre-Acadian) (Billings, 1937, 
p. 506). 


OLIVERIAN MAGMA SERIES 


General siatement.—The Oliverian magma series is represented in the Percy quad- 
rangle by three rocks types: (1) quartz diorite, (2) biotite-quartz monzonite, and 
(3) coarse syenite. Contacts between these rock types have never been seen so that 
their relative ages are not known. The Oliverian magma series as a whole is con- 
sidered to be middle or late Devonian (C. A. Chapman, 1942, p. 897). 

Quarts diorite—In the southeastern corner of the quadrangle is a mass of light- 
gtay, gneissoid rock composed of quartz, oligoclase, biotite, and muscovite. In an 
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TABLE 4.—Opiical properties of amphiboles from the basic dikes and sills of the Percy quadrangle, New 
Hampshire 


Optical Properties 1 | 2 | 3 4 | 5 


a 1.654 1.655 | 


1.654 | 1.656 1.654 
Indices; 8 1.670 1.670 | 1.667 1.667 
¥ 1.681 1.680 1.676 | 1.678 1.676 


Optic sign negative negative negative 


Optic angle 


Dispersion r>vpercpt. | r>epercpt. | r >vpercpt. | r > »medium _ 


80° soo 80° 80° 71° 


Y=b Y=b Y=b Y=b 
ZAc= 2° | ZAc= 18° | ZAc= 20° |ZAc=2° | ZA 
> 


Orientation 


Z = light blue 


Z = light blue! Z = light blue Z = light blue 


Y yellow-| Y = pale olive) Y = pale olive} Y = pale olive) Y = yellow- 
green green green green green 

| X = pale yel-| X = pale yel-| X = pale yel-| X = pale yel-| X = yellow- 
low low low | low green 


| 
i 


1, 2,3, and 4. Amphiboles from amphibolite dikes in the Percy quadrangle, New Hampshire. 
5. Amphibole from an amphibolite sill in the Moosilauke quadrangle (Billings, 1937, p. 513). 


TABLE 5.—Cihemical analysis of an amphibole from the Moosilauke quadrangle, New Hampshire 


* This amphibole is common hornblende from an amphibolite sill in the Moosilauke quadrangle (Billings, 1937, Table 
19). 


earlier paper the writer (Chapman, 1935, p. 405-406) considered this to belong to the 
New Hampshire magma series and named it the “Berlin gneiss” because of its typical 
occurrence near the city of Berlin, a few miles southeast of the quadrangle. How. 
ever, recent work in the Mount Washington quadrangle to the south (C. A. Chap. 
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man, Billings, and R. W. Chapman, 1944; Billings, et a/., 1946, p. 268-269) has 
demonstrated the presence of a huge dome, composed of rocks of the Oliverian magma 
series, trending northeasterly. Projected to the northeast, this dome would pass 
through the southeastern corner of the Percy quadrangle and would include the 
quartz diorite (Berlin gneiss). Accordingly, it seems advisable to abandon the term 
“Berlin gneiss” and to consider this rock as a member of the Oliverian magma series. 
The northeasterly strike of the foliation of the quartz diorite and its structural posi- 
tion adjacent to the Ammonoosuc volcanics support this view. 

In the Percy quadrangle the best outcrops of quartz diorite are found along the 
highway extending southeast from Hodgdon Hill and in the headwaters of the Upper 
Ammonoosuc River. 

The quartz diorite is a medium- to coarse-grained rock, with a marked foliation 
produced by the planar orientation of biotite and muscovite. This structure has 
a strike of from N 60° E to east-west and a dip of from 15° to 40° NW. One outcrop 
shows a faint lineation but this is unusual. As a rule the rock is granular, friable, 
and disintegrates rather readily. The average grain size of the quartz and oligoclase 
is from 0.15 to 1 millimeter, but many mica plates attain a diameter of 2 millimeters. 
Specimens of quartz diorite rich in biotite are dark-gray or black, whereas those with 
much muscovite and little biotite are white. Microscopically the rock is seen to be’ 
fresh and unaltered. 

For descriptive purposes the quartz diorite may be divided into two groups: (1) 
The more typical light-colored biotite-quartz diorite with some dark-colored bands, 
and (2) a light-colored muscovite-quartz diorite. From a geographical or structural 
point of view, however, this division has little significance, and the relative ages of 
the two types are unknown. 

The biotite-quartz diorite contains quartz, calcic oligoclase, and biotite as the 
principal minerals, and accessory amounts of muscovite, chlorite, zircon, apatite, 
and pyrite. Quartz composes from 15 to 25 per cent of the rock and occurs in clear, 
equidimensional grains averaging 1 millimeter in diameter. Oligoclase, with a com- 
position of about Ab7oAneoOrio, ranges from 60 to 75 per cent. It is seldom twinned 
and never distinctly zoned, although in some cases the borders of grains appear to be 
somewhat more sodic. 

Biotite is a conspicuous mineral in the biotite-quartz diorite where it ranges be- 
tween 10 and 15 per cent. Its clear, brown grains show planar orientation which 
has produced a foliated structure. In some specimens biotite is concentrated in 
bands several inches thick. The optical properties of the biotite are: Biaxial nega- 
tive;a = 1.580, 8 = 1.635, y = 1.636; optic angle very small; dispersion perceptible, 
r<v;X A c= 4°; pleochroism Z = Y > X, X = light yellow, Y = dark brown, 
Z = dark brown. Application of these data to Winchell’s curves (1933, p. 274) for 
the biotite system shows the mineral to consist of roughly 50 per cent annite-sidero- 
phyllite and 50 per cent phlogopite-eastonite. This biotite is evidently similar to 
that in the hornblende-quartz monzonite of the Oliverian magma series in the Mount 
Washington quadrangle (C. A. Chapman, Billings, and R. W. Chapman, 1944, p. 
503). 

Muscovite is not uncommon in this variety of the quartz diorite. Many of its 
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crystals attain considerable size and are etched and embayed by quartz and feldspar, 
The chlorite mentioned above is invariably altering from biotite. 

In several places dark-colored layers, a few inches to 2 feet thick, were found in the 
biotite-quartz diorite. These are always parallel to the foliation and are texturally 
like the biotite-quartz diorite itself. The bands consist chiefly of quartz, oligoclase, 
biotite, and hornblende and accessory amounts of zircon, chlorite, muscovite, and 
apatite. The dark color is due primarily to a greater percentage of biotite, but is 
accentuated by blue-green hornblende ranging from 5 to 15 per cent. These layers 
are thought to be xenoliths of basic Ammonoosuc volcanics which were partly 
assimilated by the biotite-quartz diorite. 

The less extensive, light-colored muscovite-quartz diorite is exposed in the head- 
waters of the Upper Ammonoosuc River about 1 mile north of the southern edge of 
the area, and in a few other outcrops. It is a medium-grained rock, very similar to 
the biotite-quartz diorite except that biotite is replaced by muscovite, and quartz 
is more abundant. Quartz makes up 40 per cent of one specimen. 

Pegmatites and biotite masses are associated with both types of quartz diorite. 
Coarse pegmatites of varying widths are numerous in some localities, especially near 
the city of Berlin, a few miles southeast of the area. The few exposed in the Percy 
quadrangle are small, and local, and have not been observed cutting any rock other 
than the biotite-quartz diorite and the muscovite-quartz diorite. Their principal 
minerals are quartz, pink potash feldspar, and muscovite, and in a few specimens, 
biotite. One dike exhibits a striking graphic intergrowth of quartz and orthoclase, 

Small, lenticular masses of biotite, with a maximum thickness of about 1 foot and 
a length of 8 or 10 feet, contain small quantities of quartz and oligoclase and are 
believed to represent either segregations of early formed mica or else partly digested 
xenolithic slabs of Ammonoosuc volcanics. One unusually good exposure of light- 
colored biotite-quartz diorite bearing a large biotite mass of this kind may be seen 
in the headwaters of the Upper Ammonoosuc River about 1 mile north of the southern 
edge of the quadrangle. 

An average combined mode of the biotite-quartz diorite and muscovite-quartz 
diorite is as follows: 


100.0 per cent 


Assuming the oligoclase to have a composition of about AbzoAneoOrjo, the writer 
has calculated the chemical composition of the rock from this average mode. The 
calculated analysis (Table 6) compares closely with Norwegian trondhjemites. 

Piotite-quartz monszonite and coarse syenite—Neither of these rocks is actually ex- 
posed in the Percy quadrangle. Their presence here is inferred merely from their 
distribution in the Mount Washington quadrangle (C. A. Chapman, Billings, and 
R. W. Chapman, 1944, p. 504-506). The biotite-quartz monzonite is a medium- 
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grained, pink, foliated, granular rock composed of microcline, quartz, oligoclase, and 
some biotite and muscovite. The coarse syenite is a coarse-grained to medium- 
grained, pink rock generally possessing foliation. Some of its phases are porphyritic 
with phenocrysts of microcline and a groundmass of oligoclase, hornblende, biotite, 
and magnetite. 


TABLE 6.—Calculated chemical com position of the quarts diorite of the Oliverian magma series from the 
Percy quadrangle, New Hampshire 


1 2 3 
2.86 3.34 4.42 


1. Quartz diorite of the Oliverian magma series from the Percy quadrangle, New Hampshire. Chemical composition 


calculated from an average mode. 
2. Trondhjemite from Dragaasen, Norway (Goldschmidt, 1916, p. 79). 
3. Trondhjemite from Malletuen, Norway (Goldschmidt, 1920, p. 19-20). 


NEW HAMPSHIRE MAGMA SERIES 


General statement.—The New Hampshire magma series is represented in the Percy 
quadrangle by: (1) medium-grained, two-mica granite which has been termed Long 
Mountain granite, and (2) quartz diorite. The rocks of the New Hampshire magma 
series are believed to be late Devonian as a result of studies to the southwest (Billings, 
1937, p. 506), but the relative ages of the Long Mountain granite and the quartz- 
diorite are not known because they occur in widely separated bodies. The absence of 
foliation in these rocks indicates that both were intruded following the regional de- 
formation. 

Long Mountain granite—The Long Mountain granite forms an elliptical, stocklike 
intrusive in the northern part of the Percy quadrangle. Although the exact outline 
of the body is uncertain due to the heavy cover of glacial drift, the granite is believed 
to underlie approximately 30 square miles. It is well exposed along the northern 
ridge of the type locality, Long Mountain. On Whitcomb Mountain and at various 
other points the granite cuts the Albee formation. In Waterhole Brook, at an eleva- 
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tion of about 1400 feet, it is in turn cut by a narrow alkaline dike of the White Moup. 
tain magma series. 

The Long Mountain granite is a light-gray, medium-grained rock of uniform grain 
size and granitic texture. It is seldom porphyritic but locally the feldspars form 
phenocrysts 5 to 10 millimeters long. The rock is devoid of foliation and lineation, 
In a typical specimen the feldspar crystals have an average diameter of from 1 to? 
millimeters, whereas the quartz grains are somewhat smaller. The presence of con. 
siderable biotite gives the granite a speckled appearance. 

Microscopically, the granite is holocrystalline and generally hypidiomorphic, al. 
though some specimens have an allotriomorphic texture. It is composed essentially 
of quartz, orthoclase, microcline, oligoclase, biotite, and muscovite with accessory 
magnetite, chlorite, epidote, apatite, and zircon. Orthoclase, generally the dominant 
feldspar, forms rather irregular grains, some of which contain albite stringers and 
show Carlsbad twinning. In some specimens, however, microcline is the predominant 
feldspar. The plagioclase is generally oligoclase (Anis) which is commonly zoned and 
polysynthetically twinned. Practically all quartz grains show undulatory extinction 
which suggests that the rock has been slightly deformed. Biotite forms irregular, 
reddish brown or olive-brown crystals commonly altering to chlorite. In general, 
the muscovite is finer than the biotite and forms small flakes or aggregates of flakes, 

An average mode of the Long Mountain granite is as follows: 


100.0 per cent 


Small pegmatite dikes were noted intruding the Long Mountain granite in several 
places. These consist principally of quartz, potash feldspar, biotite, and muscovite 
with a few small crystals of garnet. 

Biotite-quarts diorite—One and one-half miles west of Hutchins Mountain (south- 
west ninth) a small mass of biotite-quartz diorite crops out. Since only two or three 
outcrops of this rock were found, it is impossible to delineate the body satisfactorily. 
It is probably a small stock-like intrusive cutting the Albee formation. 

The biotite-quartz diorite is a massive, medium- to coarse-grained, light-colored, 
biotite-rich rock. Its grain size ranges from 1 to 2 millimeters. It is holocrystalline 
hypidiomorphic, and composed essentially of oligoclase, biotite, and quartz with 
accessory pyrite, magnetite, chlorite, zircon, and apatite. The feldspar is finely 
twinned and zoned oligoclase, but some crystals have borders of calcic oligoclase and 
centers of sodic andesine. No potash feldspar is present. Quartz composes about 
17 per cent of the rock and is commonly strained. Brown biotite, typically poikilitic, 
has the following optical properties: Biaxial negative; 8 = 1.668, y = 1.668; optic 
angle 5° to 6°; dispersion medium, r <1; Y = b; pleochroism Z > Y > X,Z#= 
brown, Y = brown, X = light brown. 
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The mode of the biotite-quartz diorite has been determined as follows: 


WHITE MOUNTAIN MAGMA SERIES 


General statement.—The ring dikes and associated stocks of the Percy quadrangle 
are composed of intrusive rocks of the White Mountain magma series. These rocks 
are the youngest intrusives in New Hampshire and according to Williams and Billings 
(1938, p. 1025) are probably Mississippian or early Pennsylvanian. They are repre- 
sented principally in the central part of New Hampshire and consist of both intrusive 
and extrusive phases. In the Percy quadrangle, however, volcanic rocks are lacking. 
In the following list the various plutonic types in the Percy region are arranged ac- 
cording to age, the oldest at the bottom: 

Biotite granite (Conway)—various types 

Hastingsite-riebeckite granite 

Syenite—various types 

Syenite porphyry 
Alkaline dike rocks are associated with the plutonics. Some of these transect the 
biotite granite and are thus younger, but others may be older. 

Since the distribution and petrography of the White Mountain magma series in 
the Percy quadrangle have been discussed in a previous paper (Chapman, 1935, 
p. 422-430), only a brief resume will be given here. 

Plutonic rocks.—Syenite porphyry forms the narrow arcuate ridge called Cape 
Horn which lies in the Guildhall quadrangle 4 miles west-northwest of Hutchins 
Mountain. It also constitutes the small, narrow, east-west ridge known as Moore 
Mountain lying northeast of Cape Horn. The syenite porphyry is dark green to 
black and consists of tabular orthoclase phenocrysts set in a fine-grained to aphanitic 
groundmass. The principal minerals are potash feldspar, hornblende, hedenbergite, 
magnetite, and diopside. 

Syenites make up the ring dikes of the Pilot Range, Mill Mountain, and the Devils 
Slide and the stock at Sugarloaf Mountain (Pl. 1). These rocks have been divided 
into a medium-grained phase, a coarse-grained phase, and a phase consisting of sye- 
nites with various textures, but, mineralogically, these phases are similar. The 
syenites are bluish-green when unweathered and consist dominantly of microperthite 
with smaller amounts of quartz, hedenbergite, hornblende, and fayalite (PI. 4, figs. 
3, 4). 

Associated closely with the ring dikes of syenite are isolated masses of hastingsite- 
riebeckite granite. The largest, astride the southern edge of the map, forms the 
highest mountain in the area, Mount Cabot. Although originally believed to be a 
broad ring dike, this body is now known to be a stock. Other masses of hastingsite- 
riebeckite granite crop out near South Ponds, at the Devils Slide, in the area north- 
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east of Ames Brook, and in a small patch near Parks Brook on the west slope of the 
Pilot Range. The hastingsite-riebeckite granites are medium-grained to coarse 
grained rocks, bluish green in the fresh specimen but weathering white, buff, or pink, 
They are composed principally of white, pinkish, or brownish microperthite, colorless 
to smoky quartz, hastingsite, and riebeckite (Pl. 4, fig. 5). 

The Conway biotite granite constitutes three coalesced stocks northeast of the 
Pilot Range, and one individual stock in the region of Percy Peaks. It also forms 
a narrow ring dike 2} miles northwest of Hutchins Mountain. Five textural phases 
are represented by this granite: coarse-grained, medium-coarse-grained, medium. 
fine-grained, fine-grained, and porphyritic. These five phases are differentiated on 
the geological map (PI. 1); the coarse-grained variety is the most extensive. Al] 
phases of the biotite granite are characteristically pink. Each of the four principal 
minerals, microperthite, oligoclase, smoky quartz, and biotite, tends to collect into 
glomeroporphyritic aggregates (PI. 4, fig. 6). 

Alkaline dike rocks.—A dozen or more dike rocks, phases of the White Mountain 
magma series, crop out in the Percy quadrangle, and a few of the larger ones are 
shown on the geological map (Pl. 1). These are principally altered basalts but a few 
granitic types are also present. Many are so intensely altered that it is impossible 
to determine accurately their original nature. 

_ Several dikes of altered basalt were found in the syenite at the Devils Slide and in 

the syenites west of the Pilot Range. One dike cuts the Long Mountain granite in 
Waterhole Brook, and another intrudes the quartz diorite in the Upper Ammonoosuc 
River east of Deer Mountain. These intrusives range from 3 inches to several feet 
thick. 

Most of the dikes are dark and fine-grained and their texture is diabasic, the feld- 
spars forming small, randomly oriented laths. They now consist principally of 
sodic plagioclase, chlorite, and calcite with accessory hornblende, pyrite, epidote, 
and quartz. Originally, they were probably basaltic, the plagioclase then being more 
calcic. 

One camptonite dike, about 3 feet wide, crops out in the headwaters of the Upper 
Ammonoosuc River, and contains principally soda-lime feldspar, basaltic hornblende, 
and augite with smaller amounts of chlorite, olivine, biotite, pyrite, calcite, and 
apatite. Apparently, the feldspar, which is now andesine, was originally more calcic. 
The hornblende is reddish-brown and many of its crystals show pseudohexagonal 
cross sections and pronounced zoning with dark reddish-brown outer and inner rims 
and a narrow intermediate zone of lighter brown. 

One fine-grained, light-colored dike was thought to be a bostonite in the field, 
but microscopic examination showed it to consist principally of plagioclase laths 
and calcite with some accessory pyrite, sericite, and apatite. Due to intense altera- 
tion, its original nature is questionable. 

The granitic dikes represent late porphyritic phases of the Conway biotite granite. 

Optical and chemical properties of minerals.—Concurrently with the regional study 
of the Percy quadrangle, Charles R. Williams and the writer were engaged in a study 
of the differentiation of the whole White Mountain magma series. For this reason, 
complete optical data were obtained on many minerals from the rocks of this series 
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in the Percy quadrangle, and chemical analyses of four of these minerals were made 
(Chapman and Williams, 1935). Some of these optical data and the four chemical 
analyses are included in the present paper in Tables 7 and 8. The slight amount of 
repetition involved seems justified since each specimen can be accurately located only 
with the use of the geological map (PI. 1) which accompanies this report. 


STRUCTURE OF THE PRE-MISSISSIPPIAN ROCKS 
DESCRIPTION OF THE STRUCTURE 


Synclinorium of stratified rocks.—The basic structural unit of the pre-Mississippian 
rocks is the northwest limb of a broad synclinorium which trends northeast and in- 
volves both the Albee formation and the younger Ammonoosuc volcanics. Only in 
the southeast ninth of the Percy quadrangle is the synclinorium deep enough to have 
preserved the Ammonoosuc volcanics from erosion. The contact between the Albee 
formation and Ammonoosuc volcanics is complexly folded so that at one place, about 
1 mile northwest of Hodgdon Hill, a small anticline of the Albee formation projects 
through the Ammonoosuc volcanics. The axis of the synclinorium lies in the Am- 
monoosuc volcanics and passes approximately through Hodgdon Hill. Thus only 
a very small portion of the southeast limb of the synclinorium is present. On the | 
west the synclinorium is bounded by an anticline the axis of which strikes north- 
northeast along Nash Stream. To the southeast lies foliated quartz diorite of the 
Oliverian magma series which occupies the northern flank of the Jefferson dome, a 
huge anticline with a core of igneous rocks, which trends northeast through the Mount 
Washington quadrangle (C. A. Chapman, Billings, and R. W. Chapman, 1944). 
The general structural relations in the pre-Mississippian rocks are shown on the geo- 
logical map and cross sections in Plate 1. 

The axis of a minor syncline trends northeast through West Milan. Northwest 
of West Milan, and as far west as Nash Stream, the bedding and schistosity of the 
Albee formation dip steeply toward the southeast. Southeast of West Milan, how- 
ever, the dips are all to the northwest. Drag folds in the Albee formation, at the road 
junction a quarter of a mile south of West Milan, suggest that the tops of the beds 
are toward the northwest. On the other hand, drag folds in the mica schist on the 


small hill west of West Milan and in the mica-quartz schist north of Pike Pond show 
that the tops of the beds in these places are to the southeast. 

On Stratford Mountain, along the northwestern edge of the quadrangle, the bedding 
and schistosity strike north and dip steeply toward the west. This suggests an 
anticline whose axis trends north or north-northeast essentially parallel to Nash 
Stream. The axis of this fold apparently passes northwest of Bag Hill since the 
bedding and schistosity south of Bag Hill dip steeply to the southeast. 

Several observations indicate that the stratified rocks of the synclinorium are 
isoclinally folded: (1) On Location Hill, Mill Mountain, and at some other points 
mica schist and mica-quartz schist have been highly contorted and metamorphosed 
and in some places beds have been bent into sharp folds, many of which are isoclinal. 
In these cases the schistosity is essentially parallel to the axial planes of the folds. 
(2) If the beds of the Albee formation are not isoclinally folded it means that those 
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on the north limb of the synclinorium are many miles thick, a condition which is 
unlikely. (3) In the Littleton and Moosilauke quadrangles, some 30 miles to the 
southwest, it has been possible to show that the strata in the Albee formation are 


Taste 8.—Chemical composition of minerals from the White Mountain magma series in the Percy 
quadrangle New Hampshire 


1 2 3 4 
Sis... 47.58 46.56 46.98 33.48 
0.37 1.83 1.49 2.94 
1.16 2.48 1.29 13.64 
2.60 6.24 11.93 8.00 
24.21 27.27 23.38 23.54 
RS 0.59 1.08 0.24 1.02 
3.34 1.35 0.13 4.97 
18.80 6.16 1.91 0.56 
0.47 4.17 8.90 0.53 
0.21 1.37 2.74 7.80 
1.27 1.10 
100.06 
Less O for F 40 
| 99.67 99.78 100.09 99.66 


1. Hedenbergite from a medium-grained syenite (19258) of the Pilot Range mass collected on the east slope of the knoll 
south of Burnside Brook at an elevation of 2160 feet. 

2. Hornblende from a fine-grained syenite (19247) of the Pilot Range mass collected in Moore Brook at an elevation 
of 2000 feet. 

3. Riebeckite from the riebeckite granite (19274) a quarter of a mile northeast of the small swamp on Mill Mountain 

4. Biotite from the medium-coarse-grained Conway biotite granite (19287). Specimen collected from the granite 
quarry 1 mile south of Beech Hill. 

Numbers in parentheses indicate numbers of thin sections in Harvard University thin section catalog. F.A Gon- 
yer, analyst of all specimens. Cited from Chapman and Williams (1935, p. 512). For optical data see Table 7. 


thrown into sharp isoclinal folds (Billings, 1937, p. 518-519). The above facts sug 
gest that the beds of the Albee formation and the Ammonoosuc volcanics have been 
repeated by tight isoclinal folding. Southeast of West Milan the axial planes of the 
folds dip northwest, whereas northwest of that place they dip southeast. 

Although the plunge of the synclinorium is not known, minor folds in various parts 
of the area plunge toward the southwest. West of the trail, and about a quarter of 
amile north of the northern tip of South Ponds, outcrops of mica-quartz schist show 
strong drag folding. The strike of the bedding, schistosity, and axial planes of folds 
here is N 65° E and the dip is about 80° SE. The drag folds plunge steeply toward 
the southwest. In the western part of the quadrangle on Bag Hill, at a point west- 
northwest of Emerson School, quartzite and mica-quartz schist of the Albee forma- 
tion are bent into a minor syncline which plunges 75° SW (Fig. 2). 

The detailed structure of the synclinorium of stratified rocks is uncertain for 
several reasons: (1) No key horizons have been found in either the Albee formation 
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or Ammonoosuc volcanics in this quadrangle, (2) stratification is generally not oh 
vious although where found it is parallel to the schistosity, (3) drag folds were found 
only in a few localities, (4) glacial drift greatly limits the number of exposures, and 
(5) except for the Mount Washington quadrangle, little is known about the structup 
in the surrounding areas. 


Figure 2.—Syncline in Albee formation 


Sketch map of small plunging syncline in Albee formation on Bag Hill, Percy quadrangle, New Hampshire. a = dak 
gray silvery schist, b = fine gray sandy schist, c = quartzite, and d = mica-quartz schist. Dashed lines indicate folia- 
tion. Line f-f’ indicates a fault. 


With a few exceptions, the stratified rocks maintain their regional northeasterly 
strike adjacent to intrusives belonging to the White Mountain magma series. This 
relationship is also true of the Albee formation where it occurs as screens between 
syenite ring dikes. Apparently there has been little deformation of the country 
rock by intrusions of the White Mountain magma series. 

Boundary between stratified formations —Inasmuch as the boundary between the 
Albee formation and the Ammonoosuc volcanics has not been observed, its location 
is somewhat arbitrary and its nature questionable. It may be a fault contact, or 
it may be a folded sedimentary contact. 

The hypothesis of faulting is suggested by two lines of evidence. First, in the 
northwest corner of the Mount Washington quadrangle, an east-west fault has thrust 
rocks of the Albee formation southward over the Ammonoosuc volcanics. This 
thrust is approximately on the prolongation of the contact in question and the two 
boundaries may be one and the same. Secondly, although it has been shown that 
the Ammonoosuc volcanics are younger than the Albee formation (Billings, 1937, p. 
475), the former are dipping under the latter in the Percy quadrangle. On the hy- 
pothesis of faulting the Albee formation has been thrust southeastward over the 
Ammonoosuc volcanics, and the small mass of rocks of the Albee formation 1 mile 
north of Hodgdon Hill represents an outlier which remains after the surrounding 
portion of the overthrust block has been eroded. 

The hypothesis of a folded sedimentary contact appears preferable although the 
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evidence is admittedly inconclusive. No direct evidence of faulting along this con- 
tact has been observed. Moreover, a careful study of the small isolated mass of 
Albee formation 1 mile north of Hodgdon Hill indicates that it is probably infolded 
with the Ammonoosuc volcanics rather than thrust upon them. On this hypothesis 
the Ammonoosuc volcanics dip northwestward under the Albee formation because the 
rocks are isoclinally folded and the axial planes of the folds dip northwest. This 
interpretation is adopted in this report. 

The small anticline in the Albee formation north of Hodgdon Hill divides the 
Ammonoosuc volcanics into two synclinal troughs the axial planes of which dip 
northwest. The southeasterly trough represents the axis of the major synclinorium 
of the region (Pl. 1). On the southeast limb the Albee formation is hidden by the 
sill-like intrusion of the Oliverian magma series. 

Jefferson dome.—The quartz diorite is a strongly foliated rock which lies on the 
northwest flank of the Jefferson dome in the Mount Washington quadrangle. The 
core of the dome is composed entirely of intrusive rocks and its structure is revealed 
by their foliated character. Since the quartz diorite lies on the northwest limb of 
the dome its foliation strikes generally northeast and dips from 15° to 40° NW. 

The contact between the quartz diorite and the Ammonoosuc volcanics has not 
been observed in the Percy quadrangle so that its nature cannot be determined di- 
rectly from this area. However, the distribution of outcrops suggests that it trends 
essentially northeast. About 10 miles southwest, and in the northwest corner of 
the Mount Washington quadrangle, this same contact is exposed, the intermediate 
portion being cut out by intrusives of the White Mountain magma series. In the 
Mount Washington quadrangle, various units of the Oliverian magma series were 
forcefully injected as concordant lenses into the Ammonoosuc volcanics (C. A. 
Chapman, Billings, and R. W. Chapman, 1944, p. 513-514). Accordingly it is 
inferred that in the Percy quadrangle the quartz diorite has intruded the Ammo- 
noosuc volcanics concordantly, and that the contact between the two dips toward the 
northwest. (See section C-C’, Pl. 1.) 

The structural relationships of the quartz diorite to the coarse syenite and biotite- 
quartz monzonite at the southern edge of the map are not certain, but it is thought 
that these intrusives are all more or less concordant lenses. 

Lost Nation intrusive body.—The shape of this intrusion is unknown. The pre- 
Silurian rocks of which it is composed, although older than the orogeny, have gener- 
ally preserved their massive character. Locally, however, near the road junction 
a half a mile south of the southern tip of Cape Horn, they have developed a crude 
foliation which strikes northeast and dips northwest. The rocks of this group form- 
ing the screen between the syenite ring dikes show no structure whatsoever. 

Long Mountain granite stock.—North of Long Mountain this granite forms a large 
elliptical stock, the longest axis of which trends northeast for at least 9 miles. The 
fact that this longer axis is parallel to the regional structure, suggests that the shape 
of the body may have been controlled somewhat by the folding. The contact of 
this body with the surrounding rocks is irregular in detail, and locally large inclusions 
of the Albee formation have been engulfed by the granite. Moreover, the country 
tock does not appear to have been greatly disrupted by emplacement of the stock 
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because, except locally, its foliation does not deviate from the regional, northeasterh 
trend. These facts suggest that piecemeal stoping may have played an importay 
role in the intrusion. Since the Long Mountain granite lacks foliation it is probably 
younger than the major deformation. 


DEFORMATION AND INTRUSION 


The deformation in the Percy quadrangle was a part of the orogeny which a 
fected northern New Hampshire, probably during the middle and late Devonia, 
(Billings, 1937, p. 506). The compressive forces causing the folding acted in, 
northwest-southeast direction, but whether the active force was from the northwest 
or southeast is not known. The deformation threw the sediments and volcanic 
rocks into a series of tightly compressed, steeply dipping, isoclinal folds whig 
trend northeast-southwest. Differential vertical movement produced a comple 
synclinorium, the main axis of which extends northeast-southwest through Hodgdon 
Hill. 
No faulting is known in the area unless, as previously suggested, the contact be 
tween the Albee formation and the Ammonoosuc volcanics is a thrust. 

Before or in the early stages of the orogeny the various bodies of the Oliverian 
magma series were forcefully injected as concordant lenses into the Ammonoosuc 
volcanics (Fig. 3). A primary foliation, expressed by the parallel orientation of 
mica plates and slab-like inclusions, was developed. As folding continued, the 
foliated intrusions were lifted into a broad anticline (Jefferson dome), only the north- 
western limb of which is represented in the Percy quadrangle. 

Metamorphism of the Albee formation and Ammonoosuc volcanics is thought to 
have been contemporaneous with the folding and a strong schistosity was developed. 
(See section on “Metamorphism of the pre-Silurian Rocks”.) Rocks of the Lost 
Nation group, although subjected to the same deforming stresses, were apparently 
able to resist them more effectively because of their massive character. They show 
a foliated structure only locally. 

The load under which the Albee formation and Ammonoosuc volcanics of the 
Percy quadrangle were deformed and metamorphosed is not known for certain. 
However, Billings (1934, p. 55-56) calculated the stratigraphic column above the 
Albee formation in the Littleton quadrangle to have been at least 8,000 feet thick. 
Since, however, the youngest formation in that area is considerably metamorphosed, 
it probably supported a great thickness of rocks above it. Therefore, the total 
thickness of sediments above the Albee formation in the Littleton area during de 
formation and metamorphism may have been of the order of 12,000 or even 15,00 
feet. There is no reason to suspect that the thickness above the Albee formation 
was less in the Percy quadrangle during deformation and metamorphism, although 
now much of this thickness has been worn away. 


RING DIKES AND STOCKS OF THE WHITE MOUNTAIN MAGMA SERIES 
GENERAL STATEMENT 


In an earlier paper (Chapman, 1935) the ring dikes and stocks in the southem 
half of the Percy quadrangle were described and their mechanics of intrusion dis 
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cussed. These bodies ‘will be re-described here merely enough to enable the reader 
to interpret satisfactorily the geological map (Pl. 1). A syenite stock and a granite 
stock in the northern half of the quadrangle will also be discussed, together with other 
data not previously presented. The mechanics of intrusion of the ring dikes and 
stocks will be reviewed briefly. 
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Figure 3.—Diagrammatic structure sections through the Percy quadrangle, New a ampshire 


Sections illustrate deformation of the pre-Silurian stratified rocks and intrusion of the Oliverian magma series. Sec” 
tions are diagrammatic and not drawn to scale. Oal = Albee formation,Oam = Ammonoosuc volcanics, YS (?) = younger 
sediments, and qd = quartz diorite of the Oliverian magma series. 


DESCRIPTION OF RING DIKES AND STOCKS 


Cape Horn ring dike-——The Cape Horn ring dike, composed of dark, aphanitic 
syenite porphyry, is located in the southeastern ninth of the Guildha!l quadrangle 
where it forms the most striking structural and topographic feature in the area 
(Pl. 3, fig. 1). The dike is crescent-shaped and cuts across bedding and foliation in 
the country rock. It is 2000 feet across at the mid-point of its arc but pinches out 
ateitherend. The dip is not definitely known but appears to be outward from the 
center of the arc about 75°. The syenite porphyry at Moore Mountain, the east- 
west ridge northeast of Cape Horn, is a continuation of this same ring structure. 

Parks Brook ring dike-—This ring dike, composed of medium-grained syenite, 
lies east of Cape Horn and is the longest ring structure in the area. It consists of 
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two portions, the larger of which can be traced from The Horn, near the southern edge 
of the quadrangle, westward and thence northward to a point about 1 mile northeast 
of Ames Brook. The other shorter portion is exposed east of Stark Village where 
it extends through Mill Mountain and nearly to Cold Stream. The shape and di 
mensions of this structural feature are shown on the geological map (Pl. 1). Re 
gional mapping indicates that the boundaries of this intrusion are very steep and 
that they cut across the structure of the country rock. 

Devils Slide ring dike.-—This complex body, lying northwest of Stark Village, 
strikes northeast. The main intrusion consists of coarse syenite, but to the south. 
east is a later intrusion of hastingsite-riebeckite granite. In most places these two 
rocks are separated by a screen of mica-quartz schist of the Albee formation. When 
observed from the southwest, this screen may be seen to dip inward toward the center 
of the ring at an angle of 78° (Pl. 3, fig. 2). However, this dip may bear no relation 
to the dip of the dike which may be vertical. On its southwest end the ring dike is 
terminated by a later intrusion of Conway biotite granite. 

Pilot Range complex.—This structural feature is a large arcuate mass of syenite 
underlying the Pilot Range (Pl. 1). Along most of its western contact it is separated 
from the Parks Brook ring dike by screens of older rock. The attitude of this western 
contact is not known but it is apparently very steep as it is not affected by 
topography. The complex appears to consist of a multitude of minor intrusions, 
some of which are dikelike and others probably small stocks. Individual intrusions 
differ chiefly in texture and their boundaries are always sharp. A large body of 
coarse syenite at the northern end of the Pilot Range resembles that at the Devils 
Slide. The complex appears to represent a multiple ring dike rather than a multiple 
stock. 

Hastingsite-riebeckite granite ring dikes —These intrusions are considered younger 
than the ring dikes of syenite porphyry and syenite. They range greatly in siz 
but all are short and arcuate in ground plan. They are widely distributed (PI. 1). 
No positive evidence is available as to the dip of these granite dikes. On the south- 
west slope of Location Hill (central-central ninth) the rocks of the Albee formation 
are cut by many small irregular intrusions of hastingsite-riebeckite granite. At the 
Devils Slide the intrusion of hastingsite-riebeckite granite has shattered the screen 
of mica-quartz schist and thousands of xenoliths of schist of various sizes are incor- 
porated in the granite. 

The granite dike at the Devils Slide is concentric with the Devils Slide syenite 
ring dike and the Pilot Range complex. All other hastingsite-riebeckite granite 
ring dikes are concentric with the Parks Brook ring dike, and all, except the one 
north of Parks Brook, lie on the outside of the Parks Brook ring structure. 

Conway biotite granite ring dike-—This narrow dike of medium-fine-grained, pink 
biotite granite parallels the Parks Brook ring dike in the vicinity of Ames and Moore 
Brooks. To the north it merges with the stock of biotite granite. Especially in 
Ames Brook where it is well exposed, the granite dike contains so many irregular 
schist inclusions that the complex suggests a shatter zone in schist which has been 
thoroughly impregnated with granite. ° 

Screens.—The largest screen, which extends from the ridge east of Ames Brook 
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to the north branch of Burnside Brook, separates the Parks Brook ring dike from the 
Pilot Range complex. It consists of mica schist and mica-quartz schist of the Albee 
formation, the strike of which conforms closely to the regional strike (northeast). 
The dip of the screen could not be determined directly, but it must be very steep 
since both inner and outer contacts cross hills and valleys of considerable relief and 
do not swing laterally. Toward the southeast a screen of quartz diorite of the Lost 
Nation group separates the two syenite dikes. Since its eastern end is represented 
by only a few outcrops, the exact positions of its boundaries are not certain. Small 
screens of schist occur in the syenite and hastingsite-riebeckite granite ring structures 
of Mill Mountain and South Ponds, in the syenite porphyry on the west end of 
Moore Mountain, and between the syenite and granite at the Devils Slide. 

Syenite stock.—The oldest stock of the White Mountain magma series in the Percy 
quadrangle consists of coarse syenite. This resistant body lies astride the northern 
boundary of the map where it holds up Sugarloaf Mountain. Because of its posi- 
tion and poor exposure, little is known about its structure. 

Hastingsite-riebeckite granite stock.—The region about Mount Cabot, near the 
southern edge of the map, is underlain by an intrusion of hastingsite-riebeckite 
granite which is believed to be essentially contemporaneous with the ring dikes of 


the same rock type. This intrusion was originally thought to be a broad ring dike’ 


trending east-west (R. W. Chapman, 1935), but recent work in the Mount Washing- 
ton quadrangle (R. W. Chapman, 1942, p. 1559-1560) to the south has demonstrated 
that this body is actually a stock. It lies mainly in the Mount Washington quad- 
rangle and its total area is about 10 square miles. It is roughly elliptical with the 
long axis, nearly 5 miles, trending northwest. The short axis is approximately 3 
miles long. In the Mount Washington quadrangle this intrusion contains abundant 
xenoliths of quartzite and mica-quartz schist belonging to the Albee formation, but 
in the Percy quadrangle these are rare. One schist inclusion is located near the 
summit of Mount Cabot, and a xenolith of syenite lies a half a mile east of Mount 
Cabot. Inasmuch as the boundary of the hastingsite-riebeckite granite stock is 
not exposed, its dip is not known. 

Conway biotite granite stocks —The northernmost intrusive of this group, called 
the Percy Peaks stock, lies north of the village of Percy where it includes Percy 
Peaks, part of Potters Ledge, Victor Head, Bald Mountain, and the southern ridge 
of Long Mountain. It is composed chiefly of coarse biotite granite with local areas 
of the porphyritic phase. Its longest diameter is 44 miles and it covers about 9 
square miles. At the summit of Potters Ledge the granite is in contact with schist 
of the Albee formation. Angular blocks of schist of various sizes are inclosed in the 
granite near the contact, and stringers of granite penetrate far into the country 
tock. Neither here nor elsewhere does the contact reveal its attitude. East of the 
Percy Peaks stock the Albee formation maintains its regional strike and shows little 
evidence of divergence resulting from emplacement of the granite. 

The large area of biotite granite east of the Pilot Range appears to comprise three 
stocks, arranged along a northwest-southeast line, which merged during intrusion. 
Little is known concerning the contacts of these biotite granite stocks. However, 
on the small hill (elevation 3360 feet) 0.2 mile north of Unknown Pond, the contact 
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between the southernmost stock and the country rock (syenite of the Pilot Range 
complex) is exposed in a cliff 100 feet high which faces south. This contact, which 
is considerably shattered and weathered, dips about 45° W. 

For further information on these stocks the reader is referred to an earlier paper 


(Chapman, 1935). 
CENTERS OF INTRUSION 


The ring dikes of the Percy quadrangle appear to be grouped about three separate 
geometrical centers of intrusion. Center I lies 13 miles northwest of Hutchins 
Mountain, and the Cape Horn ring dike (including the Moore Mountain dike) ig 
concentric about this center. Center II lies about 3 miles east-southeast of Center 
I, and the following dikes are concentric about it: the Parks Brook ring dike, the hast- 
ingsite-riebeckite granite ring dikes (all except that at the Devils Slide), and the 
Conway biotite granite ring dike. ‘Center III lies about 24 miles east of Center If 
where it forms the mutual geometrical center of the Pilot Range complex (including 
the Devils Slide ring dike) and the hastingsite-riebeckite granite ring dike at the 
Devils Slide. 


AGE RELATIONS OF THE INTRUSIONS 


The relative ages of the various members of the White Mountain magma series 
cannot be determined satisfactorily in the Percy quadrangle. However, data avail- 
able from other parts of New Hampshire suggest that the sequence in the Percy 
quadrangle has been as follows: (1) Syenite porphyry, (2) syenite, (3) hastingsite- 
riebeckite granite, and (4) biotite granite. Since an intrusion is of the same age as 
the rock that composes it, we can arrange the ring dikes and stocks in sequence, 
Although rigid proof is impossible, the sequence is believed to have been as follows: 
(1) Formation of a fracture about Center I and intrusion of syenite porphyry to form 
the Cape Horn ring dike; (2) formation of a fracture about Center II and intrusion 
of medium-grained syenite to form the Parks Brook ring dike; (3) formation of a 
fracture about Center III and intrusion of the coarse and variable syenites of the 
Pilot Range complex and Devils Slide ring dike, the former probably as a series of 
intrusions; (4) reopening of the fractures about Centers II and III and intrusion of 
the ring dikes of hastingsite-riebeckite granite; and (5) intrusion of Conway biotite 
granite as four stocks and one small ring dike. 

The syenite stock at Sugarloaf Mountain and the hastingsite-riebeckite granite 
stock at Mount Cabot probably formed contemporaneously with the ring dikes of 
similar composition. 


MECHANICS OF INTRUSION OF RING DIKES AND STOCKS 


The ring dikes in the Percy quadrangle are believed to have resulted from the 
injection of magma along annular or arcuate fractures produced by cauldron sub- 
sidence or ring-fracture stoping. The nature of the evidence and the details of the 
mechanics have been considered in a previous paper (Chapman, 1935, p. 416-420). 
The syenite dikes appear to have resulted from the wholesale intrusion of magma along 
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smooth, arcuate or annular fractures. The granite dikes, on the other hand, were 
apparently formed by the piecemeal stoping of magma along arcuate zones of intense 
shattering. 

The significance of piecemeal stoping in the formation of the granite ring dikes in 
this region was brought into focus by the discovery of an arcuate shatter zone in the 
country rock of the Mount Washington quadrangle (R. W. Chapman, 1942, p. 
1556-1558) immediately to the south. Piecemeal stoping is in evidence at many 
points along this zone, and at one end the brecciated country rock has been com- 
pletely replaced and a ring dike formed. In an excellent critical review of the 
mechanics of ring dike and stock intrusion in New Hampshire, Billings (1945, p. 
44-55) explained how vertical, circular fractures or shatter zones of this type might 
be formed by upward pushing of magma, and how piecemeal stoping along these 
zones might form ring dikes. 

The Conway biotite granite ring dike, as previously indicated, contains abundant 
inclusions of country rock and has the appearance of a fracture zone along which 
piecemeal stoping was active. Many of the dikes of hastingsite-riebeckite granite 
give a similar impression. For example, those on and near Mill Mountain contain 
abundant xenoliths and small screens of older rock. At the Devils Slide literally 
thousands of schist inclusions may be seen along the boundary between the hasting- 
site-riebeckite granite and the large screen, and dikes and stringers of granite pene- 
trate the latter. The arcuate fractures appear to be zones of intense shattering 
along which granite stoped its way upward. Perhaps the area on the southwest 
slope of Location Hill where granite dikes abound is a ring dike caught in the process 
of formation. 

It is believed that cauldron subsidence has been the major cause of intrusion of 
the stocks, particularly those of Conway biotite granite. After these bodies were 
emplaced, and prior to complete consolidation, their borders were modified locally 
by piecemeal stoping. The irregular shape of the stock of hastingsite-riebeckite 
granite and the abundance of inclusions in it suggest that piecemeal stoping may have 
played a relatively more important role in its intrusion. 


METAMORPHISM OF THE PRE-SILURIAN ROCKS 


GENERAL STATEMENT 


In his comprehensive study of the Littleton-Moosilauke area, Billings (1937, 
p. 539-559) considered in detail the original nature and metamorphism of the Albee 
formation, Ammonoosuc volcanics, Highlandcroft magma series (to which the Lost 
Nation group is thought to belong), and basic dikes and sills. All pre-Silurian 
tocks of the Percy quadrangle belong to these four groups. The original nature of 
these rocks, together with their present textures, chemical compositions, and mineral 
assemblages, is similar in both areas, which indicates that conditions of metamorphism 
were essentially the same. Only a brief discussion of the metamorphism of the 
tocks of the Percy quadrangle will be given here, with particular emphasis on the 
features peculiar to this area. 


Range 
which 
Paper 
arate 
chins 
ke) is : 
‘enter 
hast- 
d the £ 
‘er I 1 
ading 
t the 
series q 
ercy i 
site- 
ye aS 
ance, 
form 
sion 
of a i 
‘the 
s of 
n of 
rtite 
nite 
s of ; 
the | 
sub- 
the 
ong 
| | 


1094 R. W. CHAPMAN—PERCY QUADRANGLE, NEW HAMPSHIRE 


ALBEE FORMATION The h 


The rocks of the Albee formation were originally argillaceous sandstones, felds. § “tists # 
pathic sandstones, and arenaceous siltstones. Present differences in texture and YP — 
mineral composition of the varied types is the result of original differences in the § ™®* 4" 
chemical composition of the sediments, and variations in temperature-pressure cop. Silliman 
ditions during metamorphism. As a result of the latter, the rocks of the Albe @ t}5§ 
formation have developed contrasting mineral assemblages and they may be divided § ™*- I 
into a high-grade zone, a middle-grade zone, and a transition zone. siliman 

As has already been pointed out, the middle-grade zone is by far the most exten. — Mounta 
sive and the rocks in it consist of mica schist, mica-quartz schist, and micaceoys § hot ema 
quartzite. In all of these rocks biotite is the diagnostic mineral. In the ground § ena 
mass it is parallel to the schistosity, but the large prophyroblasts lie athwart the tleton-N 
schistosity. Parallel plates of muscovite are common and in some specimens al norphis 
mandite, staurolite, and oligoclase were found. Sericite and chlorite, minerals diag. siliman 
nostic of the low-grade zone, are absent except for some chlorite which has formed by of the b 
alteration of biotite. tectonic 

It appears that the bulk of the Albee formation was metamorphosed under condi- § "0" I 
tions typical of the middle-grade zone and that complete physico-chemical equi- 
librium was attained. Early in the process, stress was instrumental in aligning 
biotite and muscovite and thereby developing schistosity. In the later stages, when The | 
deformation had ceased and while temperature was still rising, hot pervasive solutions § amphib 
caused the recrystallization of biotite to form large porphyroblasts which grew with- §} and fiel 
out regard to planes of foliation in the rock. With falling temperature, much of § fows. 
the biotite in the groundmass and in the porphyroblasts became unstable and altered § middle- 
to chlorite. epidote 

Those rocks assigned to the transition zone consist chiefly of mica-chlorite-quartz J was ap} 
schist and mica-chlorite schist. Although these were derived from the same general § caused 
types of sediments as the rocks of the middle-grade zone their metamorphic history § hornble 
has differed. They contain chiefly quartz, sericite, and chlorite, the latter two diag- § phism. 
nostic of low-grade metamorphism. Albite and chloritoid, also typical of low-grade § biotite 
metamorphism, were found in one specimen each. However, biotite (chiefly as The 
large, cross-cutting porphyroblasts), garnet, and oligoclase were found in many speci: §  hornbl 
mens and these are diagnostic of middle-grade metamorphism. It appears that § evident 
although the original composition was favorable, equilibrium conditions charac- mMUSCO\ 
teristic of middle-grade metamorphism were not attained, and, accordingly, these sandste 
rocks contain phases of both the low-grade and the middle-grade zones. Such 
types may be called “disequilibrium rocks.” During metamorphism, stress was 


important here as well as in the middle-grade zone. Both sericite and chlorite plates In t 
are well oriented and quartz grains are elongated parallel to the foliation. However, origina 
recrystallization was less intensive than in the middle-grade zone and grains of the teristic 
groundmass are smaller. tite fr 


The apparent lag in attaining equilibrium in this zone was due probably to the Highla 
scarcity of hot solutions which could permeate the rocks, facilitate the exchange of Origin 
material, and promote recrystallization. One argument for this interpretation is andesi 
the paucity of biotite porphyroblasts in this zone. where 
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The high-grade zone is represented in the Percy quadrangle by sillimanite-mica 
schist, a rock whose ancestral sediment was richer in alumina than those of other 
types. The sillimanite-mica schist is coarser than the schists of the middle-grade 
ne, and contains sillimanite, quartz, biotite, and muscovite in varying proportions. 
illimanite is, of course, the diagnostic mineral. 

It is evident that high temperatures were important in the development of this 
rock. First, sillimanite is known to be a high-temperature mineral. Second, the 
jllimanite-mica schist in the Percy quadrangle is adjacent to the stock of Long 
Mountain granite where it appears to represent a contact aureole. It seems that 
hot emanations issuing from the granite not only encouraged coarse recrystallization 
but enabled the formation of sillimanite as well. In a similar situation in the Lit- 
tleton-Moosilauke area (Billings, 1937, p. 558), grain size and intensity of meta- 
morphism increase as one approaches the French Pond granite, and high-grade 
illimanite-rich schist has developed close to the contact. The cross-cutting shape 
of the body of Long Mountain granite and its lack of foliation suggest that it is post- 
tectonic; thus the sillimanite must have formed after all folding and shearing in the 
region had ceased. 


AMMONOOSUC VOLCANICS 


The rocks of this formation are chiefly vulcanogenic and consist principally of 
amphibolite with some interbedded biotite gneiss and muscovite quartzite. Modes 
and field relations indicate that they were originally andesitic and dacitic tuffs and 
flows. Abundant green hornblende and andesine place these rocks definitely in the 
middle-grade zone, and the additional presence of epidote makes them not unlike the 
epidote-amphibolites of the Scottish Highlands (Harker, 1932, p. 282-283). Heat 
was apparently the dominant factor in their metamorphism although deformation 
caused some straining of quartz and the parallel orientation of minerals, namely 
hornblende. Evidently conditions of equilibrium were attained during metamor- 
phism. In two specimens of amphibolite hornblende was observed altering to 
biotite and some biotite changing to chlorite. 

The biotite gneiss, which contains chiefly andesine, quartz, and biotite with some 
hornblende and epidote, belongs to the middle-grade zone. The parent rock was 
evidently a dacitic tuff or flow. The muscovite quartzite now contains quartz, 
muscovite, oligoclase, and pyrite. It was originally a feldspathic or argillaceous 
sandstone which has been altered by middle-grade metamorphism. 


LOST NATION GROUP 


In the Littleton-Moosilauke area, Billings (1937, p. 553) discovered that the 
original rocks of the Highlandcroft magma series are retrogressing to types charac- 
teristic of low-grade metamorphism. Sodic plagioclase, epidote, sericite, and chlo- 
rite from earlier minerals are ubiquitous. The Lost Nation group belongs to the 
Highlandcroft magma series and thus shows metamorphic effects which are similar. 
Originally these rocks were diorites and quartz diorites composed principally of 
andesine, hornblende, biotite, and quartz. Now they belong to the low-grade zone 
where temperature-pressure conditions were more moderate than at the time of 


ld q 


felds. 
in the 
Con 
Albee 
vided 
-xten- 
ceous 
yund- 
al- | 
diag 
by 
ondi- | 
when 
tions 
vith- 
h of 
ered | 
artz 
eral 
iag- 
as 
eci- 
hat 
uch 
ites 
rer, 
the 
the 
of a 
1S 
| 
| 


1096 R. W. CHAPMAN—PERCY QUADRANGLE, NEW HAMPSHIRE 


consolidation. Some early minerals were unstable under the new conditions ¢ 
temperature and pressure. Andesine was partially saussuritized to oligoclase, @ 
dote, and sericite, and both hornblende and biotite were partially changed to chh 
rite. Probably hydrothermal solutions were instrumental in causing this alteration, 

Although the Lost Nation group is pre-Silurian and was deformed by the Devonig 
orogeny, it shows few mechanical effects of the stresses. These massive rocks wep 
probably able to resist effectively the stresses so that the only apparent mechaniqj 
results were the development of an inconspicuous foliation, observable locally in the 
field, and the straining of quartz grains. 


BASIC DIKES AND SILLS 


These rocks were originally basaltic intrusives consisting chiefly of labrodorite 
and pyroxene. Since they too are pre-Silurian they were deformed and metamor 
phosed by the late Devonian orogeny, and those intrusive into the Albee formation 
and Ammonoosuc volcanics have minerals characteristic of the middle-grade zon. 
Pyroxene was changed to hornblende under the new temperature-pressure regime 
and although some labradorite still remains, most of it has been converted to ande 
sine and in one case calcic oligoclase. 

Those dikes and sills which intrude the Lost Nation group show greater saussur- 
tization than those cutting the Albee formation or the Ammonoosuc volcanics. 
Much of the lime in the calcic plagioclase has recombined with alumina and iron to 
form epidote and fibrous, radiating amphibole. In other words, the alteration of 
those dikes and sills which cut the Lost Nation group is similar to that of the Lost 
Nation group itself. 

Hydrothermal alteration in the basic dikes and sills is evinced by the development 
of chlorite from hornblende and biotite. 


CAUSES OF METAMORPHISM 


Billings (1937, p. 557-559) concluded that the increase in metamorphism toward 
the southeast in the Littleton-Moosilauke area was caused by intrusions of the New 
Hampshire magma series which were emplaced during and after the post-Silurian 
folding. A similar close relationship between regional metamorphism and igneous 
intrusions was earlier noted by Barrow (1893, p. 352-354) in the Scottish Highlands 
and by Barrell (1921, p. 1-19, 174-186, 255-267) in western Connecticut, and more 
recently demonstrated by Cloos and Hietenan (1941, p. 188) in the Glenarm series 
northeast of Baltimore, Maryland. The present writer has noted a similar rela- 
tionship in the Wind River Mountains of Wyoming where the intensity of meta- 
morphism of pre-Cambrian sediments and volcanics apparently increases toward 
pre-Cambrian intrusives. In all these localities it appears that magmatic heat, 
transported by solutions, has been the dominant factor in regional metamorphism. 

Although evidence in the Percy quadrangle is not conclusive, the Long Moun 
tain granite, belonging to the New Hampshire magma series, seems to have played 
an important role in the regional altetation. For example, it will be recalled that 
the high-grade sillimanite-mica schist of the Albee formation is confined to a zone 
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adjacent to this granitic intrusion. Other representatives of the New Hampshire 
magma series may be present at depth or in the areas to the east or west of the Percy 
quadrangle, and may have been instrumental in the metamorphism. 

Whatever the dominant cause of metamorphism, compressional stress was im- 
portant in its early stages. The Albee formation and Ammonoosuc volcanics were 
highly folded and recrystallized, and newly-developed minerals were oriented, giving 
many rocks, particularly those of the Albee formation, a well-defined schistosity. 
The Lost Nation group, the basic dikes and sills, and to a lesser extent the Am- 
monoosuc volcanics were more massive and resistant to stress so that they failed to 
develop a good foliation. 

Probably heat was incidental in the early stages of metamorphism for the Long 
Mountain granite, and possibly other intrusives, had not as yet been emplaced. In 
fact, it is clear from its nonfoliated nature that the Long Mountain granite was in- 
truded after deformation had ceased. Following intrusion, however, simple con- 
duction of heat through the country rock was greatly aided by solutions emanating 
from the intrusives. The abundance of thermal solutions in the late stages of meta- 
morphism is evidenced by the prevalence of unoriented and undeformed porphyro- 
blasts in the country rock. 


The effects of load are not clear, but it unquestionably raised the temperature of © 


metamorphism. In the section dealing with the deformation of the pre-Mississip- 
pian rocks it was suggested that the total thickness of sediments above the Albee 
formation during deformation and metamorphism may have been not less than 12,000 
or 15,000 feet. With a downward increase of temperature of approximately 28° 
C. per kilometer (Daly, 1933, p. 219), this thickness of rock alone would raise the 
temperature to about 140° C. without the aid of deformation or igneous intrusions. 


SEQUENCE OF EVENTS 


In the preceding pages the following facts have been established: (1) The schis- 
tosity of the pre-Silurian rocks has resulted from the planar orientation of platy 
minerals like micas and chlorite, (2) this structure is parallel to the axial planes of 
the folds, (3) biotite porphyroblasts are common and are oriented across the schis- 
tosity of the rocks, (4) biotite and hornblende crystals show retrogression to chlo- 
tite, (5) sillimanite-bearing schist forms a discontinuous contact aureole around the 
Long Mountain granite, and (6) the Long Mountain granite is younger than the 
climax of the deformation. 

From these observations the following sequence of metamorphic events has been 
deduced: (1) Formation of schistosity in the Albee formation and Ammonoosuc vol- 
canics during the climax of deformation, (2) intrusion of the Long Mountain granite 
and possibly other members of the New Hampshire magma series after the major 
deformation had ceased, (3) emanation of hot solutions from these intrusions causing 
the formation of a sillimanite aureole around the Long Mountain granite and the 
development of biotite metacrysts throughout much of the Albee formation, and 
(4) retrogressive metamorphism of all pre-Silurian rocks and hydrothermal altera- 
tion of the Lost Nation group. 
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GEOLOGICAL HISTORY 


The first recognizable geologic event in the Percy quadrangle took place in uppe 
Ordovician (?) time with the deposition of argillaceous sands, feldspathic sands, ang 
arenaceous silts of the Albee formation. Andesitic and dacitic tuffs and flows of 
the Ammonoosuc volcanics were then spread comformably over these sediments 
This was followed by intrusion of the diorite and quartz diorite of the Lost Nation 
group and the basic dikes and sills. 

Although the Silurian and early Devonian history of the region is not positively 
known, both periods were probably times of crustal stability during which great thick. 
nesses of sediments were formed. 

Deformation of the region is believed to have begun in the middle Devonian (}), 
In the early stages, the quartz diorite and associated rocks of the Oliverian magma 
series were forcefully injected as concordant lenses into the Ammonoosuc volcanics 
(Fig. 3). The deformation became more intense in the late Devonian (?), and the 
Albee formation and Ammonoosuc volcanics were thrown into sharp isoclinal folds, 
and strongly metamorphosed. The Lost Nation group and the basic dikes and 
sills were only slightly deformed. The Long Mountain granite and the small in 
trusion of biotite-quartz diorite north of Burnside Brook were emplaced either in 
the very late stages of deformation or after deformation had ceased. 

By Mississippian time, compression had ceased and the crust again became stable, 
Arcuate and circular’fractures developed and cylindrical blocks of the crust were 
displaced vertically over a reservoir of cooling magma. These fractures were filled 
with magma of various compositions and ring dikes and stocks of the White Moun- 
tain magma series resulted. 

Since the Mississippian, fluvial and glacial erosion have dominated the region, 
and the resistant intrusives of the White Mountain magma series have been etched 
into relief. 
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PiaTtE 4.—PHOTOMICROGRAPHS OF ROCKS FROM THE PERCY QUADRANGLE, NEW 
HAMPSHIRE 


FicurE 1.—Mica Scuist From THE ALBEE Formation. Shows biotite porphyroblasts transect. 
ing the schistosity. Groundmass consists chiefly of quartz, biotite, and muscovite. Crossed nical, 
Diameter of section about 4 millimeters. 

Figure 2.—Mica Scuist From THE ALBEE Formation. Shows biotite porphyroblasts transecting 
the schistosity. Groundmass consists chiefly of quartz, biotite, and muscovite. Section cut at 
smaller angle to the foliation than section in Figure 1. Crossed nicols. Diameter of section about 
4 millimeters. 

Ficure 3.—MeEpiuM-GRAINED SYENITE. Shows interlocked microperthite crystals. Irregular, 
colorless crystal near center of section and smaller, irregular, colorless crystals in lower right portion 
are quartz. Crossed nicols. Diameter of section about 4.7 millimeters. 

FicurE 4.—MeEpIuM-GRAINED SYENITE FroM Parks Brook Rinc Dike. Shows trachytoid 
arrangement of microperthite crystals. Section consists chiefly of microperthite but some-of the 
small, dark grains are mafics. Crossed nicols. Diameter of section about 4.7 millimeters. 

Ficure 5.—HAsTINGsITE-RIEBECKITE GRANITE. Shows typical granite containing microperthite 
(mottled) and quartz (gray). Note mineralogical and textural similarity of this granite to the 
medium-grained syenite in Figure 3. Crossed nicols. Diameter of section about 4.7 millimeters, 

FicurE 6.—Meprum-Coarse Conway Biotire Granite. Shows typical granite consisting 
chiefly of microperthite (mottled) and quartz (gray). ‘Twinned crystals are oligoclase, and the three 
small, gray crystals indicated by “b”’ in the right portion of the section are biotite. Crossed nicols. 
Diameter of section about 4.7 millimeters. 
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ABSTRACT 


The San Gabriel Mountains are the somewhat dissected remnants of an elevated 
fault block. At their southeastern end they are wedged between the Mojave desert 
mass and the depressed northwestern portion of the Perris fault block. The south. 
eastern San Gabriel range is made up of pre-Upper Cretaceous metamorphic rocks 
and late Jurassic or early Cretaceous plutonic rocks. 

An east-west zone through the middle of the area is characterized by extensiye 
mylonitization. Chemical analyses and other data indicate that the mylonites 
were derived chiefly from a dark quartz diorite, and to a lesser extent from a paler 
quartz monzonite, without much mixing of the two source materials. The mylonite 
zones were intruded by the quartz monzonite and probably by the quartz diorite 
Possibly the main mass of mylonite was formed by the crushing of a barely consoli- 
dated upper portion of a quartz diorite pluton, as one or more tectonic episodes 
during the general period of plutonic intrusion. 


INTRODUCTION 


GENERAL STATEMENT 


The San Gabriel Mountains (Pl. 1), in southern California northeast of Los An- 
geles, extend east-west for about 60 miles and have a maximum width of about 2 
miles. This reconnaissance report on the petrology and structure of the southeastem 
portion of the range covers about 50 square miles, bounded on the south by the upper 
Santa Ana Valley or basin, on the west by San Antonio Canyon, on the north by Ice 
House Canyon, and on the east by Lytle Creek (Figs. 1, 2). 

Except for Quaternary gravels and alluvium, only plutonic and metamorphic 
rocks occur, and this report will primarily deal with these, giving special emphasis to 
mylonites. Some geomorphic features will also be described. It must be emphasized 
that this report is general and preliminary, partly because of the difficulties of the 
terrane. The geological maps are generalized. Contacts were crossed rather than 
walked out. Problems will be raised rather than solved. 


BASIS OF REPORT 


The summer months of 1945 and 1946 were spent in the study of this area. Before 
that the writer made a brief report on mylonites of the southeastern San Gabriel 
Mountains describing the rocks of Evey Canyon immediately west of this area 
(Alf, 1943). 

Field work consisted of making a reconnaissance geologic map on U. S. Agricul 
tural Adjustment Administration aerial photographs and a strip plane-table map, 
covering about 12,000 feet along lower Cucamonga Canyon. An additional 2,00 
feet in Cucamonga Canyon were covered by steel tape and Brunton compass tray- 
erse. Laboratory and office work consisted of the transfer of the geology to the 
Cucamonga and San Bernardino 1:62,500 quadrangles, the preparation and study of 
more than 100 thin sections, the computations of modes of the principal rock types 
by means of a Leitz integrating stage, and the application of Niggli’s system of class- 
fication to nine chemical analyses made by Dr. L. C. Peck of the University of Min- 


nesota. 


a | 
The 
makin 
| brary ; 
reolog 
FIGURE 
Grat 
studen: 
| Dr. Jo! 
Cucam 
Thro 
use of ¢ 
The. 
Ther 
eastern 


s An- 
20 
astem 


upper 
by Ice 


orphic 
asis to 
asized 
of the 
than 


Before 
abriel 
area 


INTRODUCTION 1103 


ACKNOWLEDGMENTS 
The writer is grateful to Dr. A. O. Woodford for invaluable assistance and for 
making available the facilities of the Pomona College geological laboratory and li- 
brary; and to the Shell Oil Company, Inc., and Dr. M. G. Edwards, California chief 
geologist, for a grant without which this report could not have been written. 


MOJAVE DESERT 


SAN GABRIEL 


MOUNTAINS 


PERRIS 


Los Angeles 


OCEAN 


PACIFIC 


Ficure 1.—Index map of southern California showing location of southeastern San Gabriel Mountains 
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PREVIOUS WORK 


There is practically no published information on the bedrock geology of the south- 
eastern San Gabriel Mountains. A generalized map was published by Eckis (1934). 
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The northeastern margin of the area, not included in the present study, has beg 
mapped by Noble (1933). 


RECONNAISSANCE GEOLOGICAL MAP 
SOUTHEASTERN SAN GABRIEL MOUNTAINS 
SOUTHERN CALIFORNIA 
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FIGURE 2.—Reconnaissance geological map of southeastern San Gabriel Mountains, California 


GEOGRAPHY AND GEOMORPHOLOGY 


The entire San Gabriel Range is an uplifted fault block, the eastern part of which 
is bounded on the south by the Cucamonga Fault. Dissection by streams into 
narrow, deep, and tortuous canyons is youthful or has barely reached maturity, 
so that flat uplands and flat bottomed valleys are alike wanting except for a small 
southeastern upland area of about 1 square mile—-San Sevaine Flats—which seems to 
be a vestige of the same surface as Lake Arrowhead Plateau of the San Bernardino 
Mountains, though now separated from that plateau by the San Andreas Rift. 

There is a relief of some 6,500 feet between the southern margin of the mountains 
and the summits of Ontario Peak (8,752 feet) and Cucamonga Peak (8,911 feet), in 
a distance of about 4 miles. Consequently the streams are degrading their moun- 
tain courses and aggrading their valley reaches with corresponding rapidity. The 
resulting great alluvial fans with thicknesses of more than 1,000 feet have been de- 
scribed by Eckis (1928). Within the lower reaches of the canyons proper the boulders 
have accumulated to several hundred feet (Garner, K. B., personal communication) 
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in Lytle Creek, and more than 100 feet in Cucamonga Canyon. Hence water does 
not everywhere appear at the surface of the stream beds except in time of flood. 


THE ROCKS 
GENERAL STATEMENT 


The following formations were distinguished. They are listed in roughly chron- 
ological order, from oldest to youngest. 


A) Pyroxene dioritic gneiss: dark with pyroxene the dominant mafic mineral; injected with peg- 
matites and extensively replaced by quartz. 

B) Undifferentiated metamorphics: complex gneisses, with considerable quartzite and crystalline 
limestone. 

() Cucamonga complex: complex gneisses, mylonite gneiss, and mylonites; some crystalline lime- 
stone. 

D) Quartz diorite gneiss or gneissic quartz diorite: light to dark gray, medium grained; most abun- 
dant plutonic rock. 

E) Deer diorite: light colored with large hornblendes, medium to coarse grained, unmetamorphosed. 

F) Quartz monzonite: light colored, medium grained; in some cases porphyritic. 

G) Black belt mylonites, mostly derived from quartz diorite gneiss and quartz monzonite 

H) Minor rocks: dacite porphyry and diabase dikes. 

1) Alluvium: Recent and Pleistocene gravels. 


NOMENCLATURE 


Medium- to coarse-grained igneous rocks, containing both light and dark con- 
stituents, are named in the following fashion, in an attempt to conform to prevalent 
usage: 

Quartz present, plagioclase } to § of total feldspar quartz monzonite. 


Quartz present, oligoclase or andesine practically the only feldspar quartz diorite. 
Quartz absent, andesine the principal, and usually the only feldspar diorite. 


With respect to mylonites, the terminology of Waters and Campbell (1935, p. 474) 
has been found satisfactory and is used here. These authors give a genetic defi- 
nition for mylonite that has four qualifications: 

“First, a mylonite is a microbreccia produced by the milling down of the original rock material 
into an aphanitic paste which can only be resolved by the microscope; second, the rock must possess 
a flow structure, or lamination, as a result of the streaking out of the pulverized paste; third, the 
pulverization must have occurred under such conditions that the rock retains its coherence; and 
fourth, the rock must be characterized by cataclastic rather than crystalloblastic textures.” 

Protomylonite and ultramylonite refer to early and late stages of mylonitization, 
and mylonite gneiss implies considerable recrystallization. 


PYROXENE DIORITIC GNEISS 


This rock, perhaps the oldest in the area, occupies an east-west belt parallel to, 
and } to 1 mile north of, the south edge of the range (Fig. 2). The rock is dark gray, 
foliated, medium to fine grained, with most grains between one-half and 1 mm. diame- 
er. It weathers to a striking dark reddish brown, and has distinctive parting paral- 
lel to the foliation. It is exposed over an area of about 8 square miles. 
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Pyroxene, the most abundant of the dark minerals, commonly makes up more thay 
50 per cent of the rock and is usually accompanied by hornblende, which is plep. 
chroic from almost colorless to brown (PI. 4, fig. 6). Some thin sections show brow, 
hornblende as the exclusive pyrobole. Biotite, less than 5 per cent, is dichroic from 
almost colorless to dark reddish brown and is often associated with magnetite 
alternate shreds. The feldspar makes up about half the rock; it is andesine, com. 
monly close to Ang. In places where the dioritic gneiss is associated with a quarte 
feldspar-garnet mylonite gneiss (Pl. 3, fig. 5), it too is garnetiferous. 

The pyroxene dioritic gneiss is intimately injected with bluish-white to while 
pegmatites in lit-par-lit fashion, and the dark and light bands, mostly less than 12 
inches thick, dip steeply north. Thin sections show that in some cases more than 
50 per cent of the dioritic bands appear to be replaced by quartz (PI. 3, fig. 6). 4 
4-inch thick tourmaline-bearing pegmatite cutting across the foliation of the dioritie 
gneiss has been observed in Cucamonga Canyon. Any tourmaline-bearing rock is 
very rare in the San Gabriel Mountains, in contrast to the abundance of this mineral 
in the Perris block to the south. 

Bands of quartz monzonite mylonite from a few inches to several feet thick are 
found commonly, both parallel to and cutting across the planes of foliation. With 
the latter, the dioritic gneiss shows conspicuous drag adjacent to the mylonite. 

The dioritic gneiss has both holocrystalline and partially cataclastic facies, com 
plexly intermingled. Cataclastic texture is probably more common close to the 
Black Belt mylonite. The holocrystalline rock shows foliation both megascopically 
and microscopically, but the plagioclase is polysynthetically twinned and obscurely 
zoned. The zoning may be a relic of plutonism, but recrystallization apparently has 
gone too far to permit positive recognition of the parent rock. 


UNDIFFERENTIATED METAMORPHICS 


The undifferentiated metamorphics, limestones, quartzites, and gneisses, occupy 
the northern part of the area, making a conspicuous east-west ridge through Ontario 
and Cucamonga Peaks, the highest points in this section of the range. Along the 
base of the precipitous southern slope of this ridge these metamorphics are in com § 
tact with and perhaps intruded by the quartz diorite gneiss, but their relationship to 
rocks north of the mapped area is not known. 

The undifferentiated metamorphics on the southwest ridge and western slope of 
Ontario Peak are all metasediments. A section by Jack Schoellhamer of Claremont 
Graduate School gave the following stratigraphic thicknesses: from south to north, 
limestone 1,020 feet; quartzite 1,050 feet; limestone 544 feet; quartzite 2,250 feet. 
All these beds have a general east strike and dip rather uniformly about 50 degrees 
north. They are intruded by unmapped quartz monzonite. Near the summit of 
Ontario Peak the metasediments pass into mixed amphibole-bearing, chloritic and 
other gneisses, with some quartzite and limestone. The same general north dip 
prevails along the whole Ontario-Cucamonga ridge. Because of lithologic similarity 
of the quartzites and limestones to metasediments in the San Bernardino Mountailis 
(Woodford and Harriss, 1928), these rocks are considered probably Paleozoic. 
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Pace Quartz Monzonitre Dike anp Two Dike.Lets CutTTING 
Darker Quartz Diortre Gnetss, Sropparp CANYON 


Ficure 2. ALTERNATE Banps oF Dark AND LIGHT 
Bett, Cucamonca CANYON 
The dark bands are derived from quartz diorite gneiss, and the light ones from 
quartz monzonite (Photograph by John Shelton). 


Ficure 3. MyLonrre 
Probably derived from quartz diorite gneiss, with streaks of mylonitized 
quartz monzonite (pale bands). 


PHOTOGRAPHS SHOWING QUARTZ DIORITE GNEISS, 
QUARTZ MONZONITE, AND MYLONITE 
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CUCAMONGA COMPLEX 


Along the lower, southernmost reaches of the range and immediately south of the 
pyroxene dioritic gneiss extends the relatively narrow zone of the Cucamonga com- 
plex. Slivers of it appear along the northern margin of the pyroxene dioritic gneiss 
or even in the gneiss where the latter is badly crushed. 

The Cucamonga complex is characterized by discontinuous bands of pale and gra- 
phitic limestones, complex gneisses, and quartz monzonite mylonite. The principal 
complex gneiss is a dark intimate mixture of paragneiss and quartz diorite gneiss. 
Two samples of the complex, perfectly exposed on the west wall of lower Cucamonga 
Canyon, (Pl. 5, sections EF, GH) are described to indicate the general nature of the 
formation. Thicknesses were measured perpendicular to the gneissic banding. 
Section EF (Pl. 5), from southeast to northwest, and so from lower to higher in the 
section if it is not overturned, was measured as follows: 


4"  quartz-biotite-feldspar-garnet mylonite gneiss 

1’ 7” quartz monzonite mylonite 

2 5” complex gneiss streaked with quartz monzonite mylonite 
30” hornblende rock 

60” quartz monzonite mylonite streaked with gneiss 
2?’ 4” quartz monzonite mylonite gneiss 

7’ 6” complex quartz dioritic gneiss 

3” — quartz monzonite mylonite 

9 0” quartz dioritic gneiss 

27” quartz monzonite mylonite 

211” quartz dioritic gneiss 

10” quartz monzonite mylonite 

7 4” ~—‘ mixed quartz dioritic gneiss and mylonite 

45” quartz dioritic gneiss and pegmatites 

5,0" quartz dioritic gneiss 

8” pegmatite 

0" mixed gneiss and quartz monzonite mylonite 
30” hornblende rock 

quartz dioritic gneiss 

quartz monzonite mylonite 

6’ 2” quartz monzonite with gneissic streaks 

30” hornblende rock 

30" quartz monzonite mylonite 

36” complex gneiss streaked with hornblende rock 
6” quartz monzonite mylonite 

180” quartz dioritic gneiss streaked with pegmatites and mylonites 


Section GH, apparently slightly higher in the complex than EF, from southeast to 
northwest and so apparently going up the section, was measured as follows: 


4” quartz monzonite mylonite 

4" quartz-feldspar-garnet mylonite gneiss 

2” quartz monzonite mylonite 

3” complex gneiss 
#0" quartz monzonite mylonite with gneissic streaks 
6" quartz monzonite mylonite 

3” gneiss, weathers brown 
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a quartz monzonite mylonite 
> limestone, gray, smeared with many inclusions 
quartz monzonite mylonite 
Yt gneiss, greenish 
#4 quartz monzonite mylonite streaked with gneiss 
, banded gneiss streaked with quartz monzonite mylonite 
quartz diorite gneiss 
10” quartz monzonite protomylonite 
7? quartz diorite gneiss 
2? quartz monzonite protomylonite 
6” gneiss, weathers brown 
8” quartz monzonite mylonite gneiss 
hornblende rock 
quartz dioritic gneiss 
6” hornblende rock 
0 quartz monzonite protomylonite gneiss 
3’10” dioritic gneiss 
: quartz monzonite mylonite 
quartz dioritic gneiss 
10’ 8” quartz monzonite mylonite streaked with gneiss 
41° limestone 
1’ 8” complex gneiss 
quartz monzonite mylonite 
1’ 6” limestone 
2’ 0” quartz monzonite mylonite 
7? limestone and complex gneiss 
2’ 0” ~—= quartz monzonite mylonite 
9” complex gneiss 
3’ 0” quartz monzonite streaked with complex gneiss 
re complex gneiss 
6” pegmatite 
3’ 0” complex gneiss 


The two samples have an aggregate thickness of 231 feet, approximately 39% 
quartz diorite gneiss, 34% quartz monzonite, mostly mylonitized, 15% complex and 
banded gneisses, 5% hornblende rock, 5% limestone (or dolomite), 2% dioritic 
gneiss and 2% pegmatite. 

The Cucamonga complex is similar to gneiss containing dolomite streaks, in the 
San Gabriel Range just west of San Antonio Canyon (Alf, 1943), and somewhat simi- 
lar to the San Gabriel complex still farther west (Miller, 1934). 


QUARTZ DIORITE GNEISS 


Quartz diorite gneiss occurs as a continuous zone between the undifferentiated 
metamorphics to the north and the Black Belt to the south and as minor bodies within 
the undifferentiated metamorphics. 

It is medium grained, gray to dark gray and has moderate to pronounced foliation 
which parallels in general the strike and dip of the other formations (Pl. 2, fig. 1). 

The volume percentages of the minerals in an average sample of the rock are: 
andesine 59, quartz 18, biotite 15, and hornblende 7 (Table 1). Accessory minerals, 
almost everywhere present in small amounts, are sphene and magnetite; apatite and 
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allanite have been observed. Secondary chlorite is in some cases noticeable. Quartz 
occurs as mottled groups, sométimes as stringers, and always exhibits strain shadows. 
The plagioclase crystals are anhedral, inequidimensional, sometimes zoned and nearly 
always showing strain. Complex twinning (PI. 3, fig. 1) iscommon. In some cases 
interstitial myrmekite seems to be replacing the edges of the feldspar crystals, sug- 


TABLE 1.—Modes of quartz diorite gneiss 


Quartz... | 24.6 | 13.0 15.6 | 22.8 | 13.4 | 20.8 | 13.0 
Plagioclase............ $2.7 | ds 62.0 60.7 | 70.8 | 47.6 | 53.0 
5.63 23 | 55 | 5.04 | 
16.0 10.6 12.6 SF | 15.0 
0.4 | 0.02 | ¢t t 
Magnetite.............! 0.35 1.0 0.22 | t 0.06 | t 1.0 

148 B—Stoddard Canyon. 143 A—Ontario Peak. 

148 M—Stoddard Canyon. 136 A—Cucamonga Canyon. 

142 B—Cucamonga Peak. 152 A—Deer Canyon. 

131 D—Lytle Creek. t— trace. 


gesting deuteric action. Biotite is strongly pleochroic in pale and dark browns and 
has ragged outlines. Hornblende is the common green variety with distinct pleo- 
chroism and with ZAc about 25°. Its crystal boundaries are ragged, and inclusions of 
light-colored minerals are common. 

Chemical analyses from three widely separated areas, Stoddard Canyon, Deer 
Canyon, and the South Fork of Lytle Creek indicate marked uniformity of com- 
position close to Daly’s averages for quartz diorite and tonalite (Table 2). Mean 
Niggli values, al 34.7, fm 28.7, c 21.8, alk 14.8, si 197, k .25, and mg .45 (Table 5), 
have been plotted on an X YZ-si-k-mg diagram (Fig. 3). 

The quartz diorite gneiss is dominantly igneous, but three characteristics of the 
rock indicate some deformation and recrystallization: (1) gneissic banding; (2) 
contacts between mineral grains commonly ragged or sutured and andesine crystals 
locally curved or broken, showing undulatory extinction (Pl. 3, fig. 2); and (3) 
quartz, in granulated groups or even as stringers, everywhere showing undulatory 
extinction. 

A tourmaline-bearing pegmatite was observed cutting the quartz diorite gneiss of 
San Sevaine Flats. 

Quartz diorite gneiss, evidently the oldest definitely plutonic rock of this area, 
intrudes the undifferentiated metamorphics and contains some small blocks of the 
metamorphics as inclusions. It in turn is intruded by quartz monzonite and Deer 
diorite. 

The quartz diorite gneiss is somewhat similar to the Perris quartz diorite of Dudley 
(1935) and the Wilson diorite of Miller (1934). 


DEER DIORITE 


The Deer diorite occurs principally as a large lenticular mass within the Black Belt 
and is best exposed in Deer Canyon. It is also found along the southern margin of 
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TABLE 2.—Chemical analyses of rocks of southeastern San Gabriel Mountains 
L. C. Peck, analyst 


148 C | 147 C | 147D 155 | 148 B | 152A | 163 149 199 
| 
SiOe.......| 71.74 | 74.53 | 72.90 | 73.03 | 60.03 | 57.55 | 61.69 | 61.46 | 48.30 
May... 15.51 | 14.39 | 14.57 | 14.35 | 18.06 | 17.91 | 17.19 | 17.22 | 21.38 
56 | 65 09 | 1.36 1.42 | 1.50 | 2.13 | 1.65 
FeO... 1.19.87 | 1.46 | 1.53) 4.14 | 5.06 | 4.00 | 3.21 | 5.99 
MgO... 48 | 24 46 | .33 | 2.49 | 3.01 | 2.48 | 2.37 | 44 
CaO....... 2.25 | 1.53 | 2.29 | 2.09 | 5.96 | 6.89 | 5.80 | 5.65 | 10.7 
NaO...... 3.90 | 3.75 | 2.94 | 3.33 | 3.39 | 3.49 | 3.51 | 3.59 | 3.49 
K,0... 3.40 | 4.03 | 4.33 | 3.90 | 1.91 | 1.56 | 1.76 | 2.13 % 
H,O+. 17 | 17} 13 | | .67 | | .57 | .66 | 
os | .os | | .06 | .05 | .09 | .08 | .06 | 
| | | 01 
28 2 21 | 1.02 1.23 .90 97 | 1.80 
PAs....... | | 05 | 07 | 06 | .35 | .29 | .25 | 
| 06 | .07 | .10 
| 07 01 
Mn0...... 04 .05 03 04 | .07 | .08 08 07 10 
08 15 | .11 | .07 | .05 
| —.04 | —.01 | —.03 | —.03 | 
| ! | | | 
Total....| 99.79 | 99.93 | 99.97 | 99.72 | 99.66 | 99.54 | 99.85 | 99.85 99.83 


148 C—Quartz monzonite, Stoddard Canyon 148 B—Quartz diorite gneiss, Stoddard Canyon 

147 C—Mylonite in diorite, Cucamonga Canyon 152 A—Quartz diorite gneiss, Deer Canyon 

147 D—Mylonite in quartz diorite gneiss, Cucamonga 163 —Quartz diorite gneiss, Lytle Creek 
Canyon 149 —Black Belt mylonite, Deer Canyon 


155 —Mylonite in metamorphics, Cucamonga Canyon 159 —Diorite, Deer Canyon 
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Ficure 3.—WNiggli-Becke-Bacon diagrams 


Comparing chemical compositions of rocks of southeastern San Gabriel Mountains with Bacon’s (1947, p. 270) plots 
of Daly’s alkali-lime plutonic averages. mg, k, c, fm, al, alk, and si—Niggli values. x = c + fm (Bacon, 1947, p. 263); 


‘“Y=c+al;Z=c-+ alk. 


the Black Belt where the latter is in contact with the pyroxene dioritic gneiss m 
East Etiwanda Canyon. A pegmatitic facies intrudes quartz diorite gneiss in Day 
Canyon. 

The Deer diorite is a medium- to coarse-grained plutonic rock with small to large 
crystals of hornblende up to an inch or more in length. The striking contrast be 
tween the white feldspars and black hornblendes gives the rock a distinctive appear 
ance. Where the hornblendes are broken, or contain numerous white inclusions, 
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the rock is indistinguishable from the “dappled diorite” of E. C. Edwards (1934). 
Locally, minor variations include a leucocratic variety nearly free of mafic minerals 
and a fine-grained, dark-gray type. Thin sections show the diorite to be composed 
almost entirely of andesine and hornblende in the ratio of two to one, with accessory 


TABLE 3.—Niggli Values for rocks of southeastern San Gabriel Mountains 


mec | | | 155 | | | 163 | | 189 
11.5 7 11 | 10 27.6 | 30.5 | 28 | 27 32 
c 12.3 9 13 | & 21.4 23 21 | 21 29 
ee wads 30 35 30 | 32 15 13.5 16 | 17 8 
| 363 425 | 387 399 202 179 211 212 117 
.36 -42 49 | -44 | .28 .07 
148 C—Quartz monzonite, Stoddard Canyon 148 B—Quartz diorite gneiss, Stoddard Canyon. 

147 C—Mylonite in diorite, Cucamonga Canyon 152 A—Quartz diorite gneiss, Deer Canyon. 
147 D—Mylonite in quartz diorite gneiss, Cucamonga 163 —Quartz diorite gneiss, Lytle Creek. 

Canyon 149 —Black Belt mylonite, Deer Canyon. 
185 —Mylonite in metamorphics, Cucamonga Canyon 159 —Diorite, Deer Canyon. 


TABLE 4.—Modes of Deer diorite 


| 359-4 159-2 154.B 
| | 


159-i—Deer Canyon. 
159-2—Deer Canyon. t—trace. 
154B—E. Etiwanda Canyon. 


magnetite and apatite (Table 4). Complex multiple twinning of the feldspars is 
distinctive (Pl. 4, fig. 5). 

The Niggli values (Table 3) calculated from one chemical analysis (Table 2) are 
plotted on the X YZ-si-k-mg diagram (Fig. 3). The percentage of K,O and the cor- 
responding Niggli value for k are extremely low. 

The texture of the Deer diorite is dominantly igneous except marginally where 
it is cataclastic. Particularly along its northern margin in Deer Canyon, conspicu- 
ous deformation has produced effects ranging from twisted blocks tens of feet in 
diameter to mylonitization, though the degree of the latter is never so pronounced 
as in the corresponding rocks derived from quartz diorite gneiss and quartz monzonite. 
It appears that rocks with high percentage of feldspar and low quartz resist deforma- 
tion with greater success than rock rich in quartz. Associated with the twisted 
blocks are peripheral bands of quartz monzonite, mostly mylonitized, from a few 
inches to 2 or 3 feet thick. There are also some peripheral coarse-grained, sheared 
homblende-feldspar pegmatites. 
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The Deer diorite is texturally somewhat like the Lowe granodiorite of Miller (1934, 
but lacks quartz and is lower in K,O. 


3 TABLE 5.—Modes of quartz monzonite 
448.C 126 B | 16D | wes | 145A 137¢ 
| 
Quartz. | 31.7 | 31.3 | 28.0 | 32.0 | 26.45 | 295 
He ne ee 40.5 | 39.3 | 47.0 | 49.0 43.2 42.5 
. | RRS | 23.8 | 24.7 | 19.0 | 11.0 | 24.1 | 239 
| 40 | 45 | 6.0 7.0 5.1 4.0 
; a Ratio—Plag/Or................ | 63/37 | 61/39 | 71/29 | 82/18 | 64/36 | 65/35 
t—trace. 
148 C—Stoddard Canyon. 148 S—Stoddard Canyon. 
126 B—Deer Canyon. 145 A—Deer Canyon. 
136 D—Cucamonga Canyon. 137 C—Cucamonga Canyon. 


QUARTZ MONZONITE 


No attempt was made to map the quartz monzonite, which occurs in this area only 
as minor intrusions from a few inches to scores of feet thick, intimately penetrating 
all other plutonic and metamorphic rocks of the area (Pl. 2, fig. 1). Representative 
exposures are to be found in upper Stoddard Canyon along the Cucamonga Truck 
Trail, and along San Sevaine Truck Trail on the south side of the south fork of Lytle 


- The quartz monzonite is a fine-grained, massive, light-colored plutonic rock with 

7 a general “salt and pepper” appearance due to evenly distributed dark biotite grains 

in a white to sometimes slightly pinkish matrix of feldspar and quartz. Occasionally 

the rock is porphyritic with orthoclase phenocrysts up to an inch long. Foliation 

occurs only where the rock is associated with the zones of dynamic metamorphism. 

The volume percentages of minerals for a typical sample of the rock are: plagio- 

clase (approximately Anos) 41, orthoclase 24, quartz 31, and biotite 4 (Table 5). 

Traces of magnetite are usually present and allanite has been observed. Plagioclase 

| shows multiple twinning and distinct zoning (PI. 4, fig. 2) and is slightly clouded by 

| alteration products. Orthoclase is conspicuous because of a grain size larger than 

that of the plagioclase and because it contains numerous inclusions of plagioclase 

(Pl. 4, fig. 1). Biotite is highly pleochroic from pale yellow to dark brown and shows 

some alteration to chlorite. Allanite occurs as small euhedral, subhedral, tabular 

crystals occasionally fragmented. Pleochroism: Y and Z reddish brown; X almost 

colorless. Some of the allanite is distinctly zoned, caused probably by a nucleus of 

allanite surrounded by epidote of similar crystal orientation, but with different er 
tinction position. 

Note (Table 5) that some of the ratios of plagioclase to orthoclase are above and 
some below the 67/33 ratio which serves as the dividing line between quartz mona 
nite and granodiorite. - 

The Niggli values (Table 3) calculated from one chemical analysis of the quartz 
monzonite (Table 2) compared with Table 6 show that most of the values for the 
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quartz monzonite lie between those of alaskite and granite except for k, which lies 
between granite and granodiorite. 


TaBLE 6.—Comparison of Southeastern San Gabriel analyses (capitalized names) with average values 
for alkali-lime igneous rocks 
(Daly’s averages, reported by Bacon (1947) 


Rock Family | | si | k | mg 
Alkali Lime Series | | 

Alaskite es +e 45 487 48 .09 
MYLONITE (light) | 20.6 | 58.3 44 | 404 45 .30 
QUARTZ MONZONITE 42 363 36 31 
Granite a woe | 38 335 44 .35 
Granodiorite | 45 | S& | 9» 248 28 .48 
MYLONITE (dark) 4 «6| (56 38 212 28 .45 
QTZ.DIORITEGNEISS 50.5 56 37 197 25 
Quartz diorite | 56 52 34 188 30 51 
DEER DIORITE | 61 60 37 117 07 51 
Gabbro | 69 | 34 107 -60 


BLACK BELT MYLONITES 


The Black Belt is a zone approximately 13 miles long with a maximum thickness 
of over 2,000 feet, between the quartz diorite gneiss to the north and the pyroxene 
dioritic gneiss to the south. No satisfactory geographic name was found for this 
rock. 

The most distinctive, but not the most abundant, rock of the Black Belt is a dark- 
gray to black aphanitic rock with relatively large porphyroclasts or occasionally 
perhaps porphyroblasts of hornblende and feldspar (PI. 2, figs. 2,3). In some places 
this rock resembles black flint. It grades into highly foliated quartz diorite gneiss, 
where the mark of cataclastic deformation is hardly perceptible. A very common 
variety resembles a fine-grained gneiss with alternating bands of dark quartz diorite 
mylonite and light quartz monzonite mylonite (PI. 2, fig. 2). 

The volume percentages of the minerals in one holocrystalline band, determined 
from a thin section cut perpendicular to the foliation, were found to be plagioclase 
34, quartz 21, hornblende 16, and biotite 9, with traces of sphene and magnetite 
This composition is similar to that of quartz diorite gneiss (Table 1). 

The general strike of foliation is east-west or east-northeast and the dip is about 
50°north. In general, the aphanitic rock makes up perhaps 10 per cent of the Black 
Belt, and the various types of fine-grained mylonite gneiss the remaining 90 per 
cent. 

Under the microscope, the distinctive dark aphanitic variety is seen to be a mylo- 
nite with recognizable porphyroclasts of feldspar (usually oligoclase) and green horn- 
blende (Pl. 3, fig. 3). The aphanitic groundmass (Pl. 3, fig. 4) shows uniform ex- 
tinction and maxima of illumination between crossed nicols, indicating preferred 
orientation and possibly some recrystallization. Microfaults have been observed. 
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A chemical analysis was made of this aphanitic Black Belt rock (Table 1), ang 
the Niggli values calculated from it (Table 3) are nearly identical with the com. 
sponding values for the three quartz diorite gneisses. In addition where mylonitig. 
tion has not advanced too far or the rock has recrystallized the mineral compositions 
are similar. Thus chemical and mineralogical compositions both suggest that this 
part of the Black Belt was derived form the quartz diorite gneiss. An alternative 
possibility is that the quartz diorite gneiss was derived from the Black Belt by re 
crystallization. This is suggested by the large, sometimes subhedral crystals of 
hornblende in the Black Belt rock. 

In Cucamonga Canyon and Deer Canyon where there are exposed sharp contacts 
between these two formations, it appears that the quartz diorite gneiss was em. 
placed over and intruded into the already existing Black Belt mylonite. Also, the 
feldspars of the quartz diorite gneiss are zoned like those of a normal plutonic rock, 
and locally curved and broken, suggesting brecciation after normal crystallization 
rather than recrystallization after extreme brecciation. It seems more likely that 
the typical rock of the Black Belt was mylonitized from the quartz diorite gneiss, 

The light-colored bands of the Black Belt, in some cases, look surprisingly like 
quartz monzonite. They occur as streaks or bands parallel to the laminations of 
the dark rock, or they cut across the foliation of the latter. Some light-colored 
bands have a cherty appearance. Under the microscope, the cherty type is found to 
be ultramylonite with only occasional minute relics of feldspar (Pl. 4, fig. 4). Some. 
times small slivers of the dark mylonite may be seen in the light-colored variety, and 
microfaults are not uncommon. With a lesser degree of mylonitization, porphyr- 
clasts of zoned plagioclase (Pl. 4, fig. 3) and poikilitic orthoclase are distinctive. Ih 
the early stages of deformation there is slight granulation around the edges of the 
feldspars and strong undulatory extinction in the quartz. Following this, the 
quartzes assume curving shapes as if flowing around and between feldspar crystals be 
fore the latter have suffered much strain. 

The mylonites that occur as thin bands in the Cucamonga complex, pyroxene 
dioritic gneiss, and Deer diorite are all similar to the light-colored mylonites of the 
Black Belt. The Niggli values calculated from the chemical analysis (Table 2) of 
the light-colored mylonite of the Black Belt, al 46, fm 11, c 13, alk 30, si 387, qz 16), 
k .49 and mg .33, (Table 3), are close to the corresponding values for quartz mona0- 
nite, suggesting that these light-colored bands of mylonite are derived from quarts 
monzonite. This also holds true for the light-colored mylonites of the Cucamonga 
complex and the Deer diorite (Table 2, Table 3) and should be true for the same type 
in the pyroxene dioritic gneiss. 


MINOR ROCKS 


Dacite porphyry.—Only one dike of dacite porphyry has been observed in the area 
under discussion though similar dikes are relatively numerous immediately west of 
San Antonio Canyon and north of Ice House Canyon. The single dike in this ame 
occurs in Stoddard Canyon. 

The dacite porphyry has a greenish-gray, aphanitic groundmass with anhedral 
to subhedral phenocrysts of white feldspar, clear glassy quartz, and minute biotite. 
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In thin section the subhedral quartz phenocrysts, cut by calcite veinlets, are uni- 
formly clear and free from strain shadows, unlike the quartz in other rocks of this 
area. Feldspar crystals are usually zoned, show both simple and multiple twinning, 
and are in some cases largely replaced by calcite. Most of the pleochroic brown 
biotite crystals occur as small rods, but some show clear six-sided outlines. 

The dacite porphyry may be genetically related to the Mountain Meadows dacite 
described by Woodford, Shelton and Moran (1944). It is probably much younger 
than the plutonic rocks of the area. 

Diabase.—Diabase dikes have been observed in San Antonio, Stoddard, and Lytle 
canyons, but not studied carefully. 


TERRACE GRAVELS AND ALLUVIUM 


With respect to the Quaternary sediments, Eckis (1928, p. 224) states: 


“Along the south margin of the San Gabriel mountain fault block alluvial fans have accumulated 
to a thickness of a thousand feet and more. The whole series of sediments is a unit, still growing, 
but chiefly of Pleistocene or earlier age. The fans are being dissected, with the formation of fan- 
head trenches and midfan mesas. The trenching of the fanhead is chiefly a normal, somewhat late 
feature of the fan development, though recent uplift, indicated by well-preserved fault scarps, has 
been a factor, and climatic changes may have contributed to the result.” 


In Cucamonga Canyon north of the Cucamonga fault, the Recent alluvium extends 
as a narrow ribbon covering the canyon floor (Pl. 5). Terrace gravels along this 
canyon and elsewhere are of two types—fresh gray, and red weathered. 

Gray TERRACE GRAVELS: These are present on both sides of the deep Cucamonga 
fanhead trench and also as isolated remnants upstream. The fanhead trench has a 
maximum depth of 150 feet (Eckis, 1928, p. 239). The terrace remnants upstream 
also seem to be about 150 feet above the canyon floor. These remnants contain 
boulders several feet in diameter. 

At Mattox Ranch, on the divide between Cucamonga and Stoddard canyons, at 
an elevation of 3,750 feet, fresh gray alluvium covers the bed rock, and extends down 
the slope to the west fork of Cucamonga Creek, which is incised 150 to 200 feet below 
the surface of the gray gravels. 

Rep TERRACE GRAVELS: A terrace east of the mouth of Cucamonga Canyon, and 
550 feet above the stream, is covered with fine red alluvium (Eckis, 1928, p. 239). 
In a saddle between Stoddard Canyon and San Antonio Canyon, at an elevation of 
4,500 feet, fine-grained red alluvium, much weathered and presumably much older 
than the fresh gray alluvium, covers a small remnant of an old upland surface. This 
alluvium may be the same age as the Pleistocene San Dimas formation of the low- 
lands to the south (Eckis, 1928, 1934). 


AGE SEQUENCE OF ROCKS 


The oldest rocks in this area are orthogneisses, limestones, quartzites, and other 
metamorphic rocks, mapped as dioritic gneiss and the Cucamonga complex respec- 
tively. All these ancient rocks are invaded by plutonites that may be much younger. 
The limestones and quartzites are lithologically similar to fossiliferous late Paleozoic 
metamorphics in the nearby San Bernardino Mountains. On the basis of this cor- 
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relation a probable late Paleozoic age is assigned to the limestones and quartzite, 
Some of the more complex metamorphics may be pre-Cambrian. 

Of the plutonites, the quartz diorite gneiss is the oldest. It is cut by the Dey 
diorite, and both the quartz diorite gneiss and Deer diorite are cut by quartz mong 
nite. These plutonites seem to be more closely related to the Peninsular belt of 
granitic rocks than to those of the Sierra Nevada. With respect to the forme, 
Woodford and Harriss (1938, p. 1330-1331) state: 

“The important fact is that the intrusives described in this paper are younger than the rocks g 
the northwest-striking metamorphic belt. They are, therefore, probably of Upper Cretaceous Age 
..- The Sierra Nevada composite batholith seems to be somewhat older than the Corresponding 
Peninsular plutons. Hinds (1934) has established for it the probability of a very late Jurassic age’ 
Consequently, whether the plutonism of the southeastern San Gabriels took place 
during the Cretaceous or the Jurassic is not determined. 

The mylonites must have been formed at the same time or very shortly after the 
emplacement of the plutons; by middle and upper Miocene time they were con 
tributing to the sediments now exposed in the Puente and San Jose Hills (Woodford, 
Moran, and Shelton, 1946). 

This confirms the conclusions of Miller (1934), Bellemin (1940), and the writer 
(1943) that the San Gabriel Mountains have existed as a rising block through a large 
part of later Tertiary time. 


STRUCTURE 
QUATERNARY FAULTING 


The position of the southeastern San Gabriel Mountains with respect to some of the 
main structural features of Southern California is shown in Figure 2. The mountains 
lie between the Perris Fault Block and the San Andreas rift system. 

Most of the large faults of southern California have been considered post-Pliocene 
by some geologists and more ancient by others (Reed and Hollister, 1936). Ifa 
fault is old but has been rejuvenated recently, the later movement tends to obscure 
the evidence of the earlier ones. In the case of the southeastern San Gabriel Moun- 
tain faults it is possible to distinguish between Quaternary and earlier planes of 
movement. The former are characterized by displacement of alluvial fans and by 
fault gouge; the latter by drag and mylonitization in the bed rock. 

The most important Pleistocene faults in the mapped area are the Cucamonga 
fault, which separates the upthrown San Gabriel Mountains block to the north from 
the downthrown Perris Block to the south, and the Lytle fault close to and nearly 
parallel with the San Andreas fault. The Cucamonga fault has an east strike anda 
nearly vertical dip. A few miles west of the area this fault has a dip of about & 
north. It is here a very steep reverse fault. The Lytle fault has a strike of about 
N.55 W. and a nearly vertical dip. An important Pleistocene crush zone can be 
traced discontinuously from San Antonio Canyon on the west to the South Fork of 
Lytle Creek on the east. The strike of the crush zone from San Antonio Canyon 
to Cucamonga Canyon is east-north-east and the dip is nearly vertical. The same 
attitude exists in the South Fork of Lytle Creek, but in Deer and Day Canyons the 
attitude is not clear. 
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The present attitude of the Black Belt mylonite sheet is nearly parallel to the 
Cucamonga fault of Pleistocene age. The gneissic banding in the crystalline rocks 
has similar but less regular orientation. The close but not precise parallelism of old 
and some young structures suggests that the older ones exercised a strong influence 
or control in determining the position of the younger. 


MESOZOIC MYLONITIZATION 


The thick, steeply north-dipping sheet of Black Belt mylonite suggests formation 
along a fault zone. If the 2000 feet of mylonite and mylonite gneiss were formed by 
crushing and milling of the formations now adjacent to the Belt, its chemical com- 
position might be expected to be intermediate between that of the quartz diorite 
geiss and that of the pyroxene dioritic gneiss (or locally the Cucamonga Complex). 
But, as shown, chemical analyses and all other available information indicate that the 
Black Belt rocks have compositions close to that of the quartz diorite gneiss, and 
more siliceous than most of the pyroxene dioritic gneiss. Perhaps at depth the 
Black Belt is walled on both sides by quartz diorite gneiss, and was produced chiefly 
by the grinding up of a single rock type. 

The hypothesis of origin of the Black Belt from the crushing of solid, dark quartz 
diorite gneiss has two defects. First, the quartz diorite gneiss appears to intrude the 
Black Belt mylonite, and thus to have been at least locally semi-liquid after the 
mylonite had formed. Second, narrow dike-like streaks of pale analysed quartz 
monzonite mylonite cut the main mass of the Black Belt. This pale mylonite has 
neither the composition of the enveloping rock nor a simply related composition 
(e. g., merely more siliceous). The existence of two types of mingled mylonite, each 
with the composition of a plutonic rock present in the area, suggests that the main 
mass of mylonite may have been formed by the crushing of a barely consolidated 
upper layer of a quartz diorite batholith and that the bands of quartz monzonite 
mylonite may have resulted from the streaking out of plutonic dikes while they were 
more plastic than the surrounding rock, perhaps before crystallization was entirely 
completed. 
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PLATE 3 


PHOTOMICROGRAPHS OF QUARTZ DIORITE GNEISS, QUARTZ DIORITE MYLONITE, 
AND METAMORPHIC ROCKS, X13 


Ficure 1. Quartz DioriTrE Gneiss, R.M.A. 148B 
Twinned plagioclase; quartz with undulatory extinction. (Crossed nicols.) 
Ficure 2. Quartz Diorite Gneiss, R.M.A. 132D 
Showing curved and broken feldspar. (Crossed nicols.) 
Ficure 3. MytonirE From Biack BELT, CucAMONGA Canyon, R.M.A, 149A 
Showing porphyroclasts of feldspar and hornblende (black). (Ordinary light.) 
Figure 4. Brack Bett My onite, Cucamonca Canyon, R.M.A. 168C 
Showing dark streaks of quartz diorite gneiss mylonite and light streaks of quartz monzonite 
-mylonite. (Ordinary light.) 
Ficure 5. QuarRTZz-FELDSPAR-GARNET MYLONITE GNEISS, R.M.A. 103B 
(F) feldspar; (Q) quartz; (G) garnet. Cucamonga Complex, Cucamonga Canyon. (Ordinary 
light.) 
Ficure 6. PyroxeNne Dioritic GNEISS 
Showing islands of feldspar in sea of quartz, R.M.A. 166C, Cucamonga Canyon. (Crossed nicols) 
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PHOTOMICROGRAPHS OF QUARTZ DIORITE GNEISS, QUARTZ DIORITE 
MYLONITE, AND METAMORPHIC ROCKS (X13) 


ORNIA BULL. GEOL. SOC. AM., VOL. 59 ALF, PL. 3 
Calif. 
Ficure | Ficure 2. 
Ficure 3. Ficure 4. 
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PHOTOMICROGRAPHS OF QUARTZ MONZONITE, QUARTZ MONZONITE MYLONITE, 
DEER DIORITE, AND PYROXENE DIORITIC GNEISS (X13) 


ALF, PL. 4 
5 Ficure 1 Ficure 2 
Figure 3 Ficune 4 
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PHOTOMICROGRAPHS OF QUARTZ MONZONITE, QUARTZ MONZONITE MYLONITE, 


DEER DIORITE, AND PYROXENE DIORITIC GNEISS (X13) 


Ficure 1. Quartz MonzonitTe, R.M.A. 148C, Stopparp Canyon 
Showing large crystal of poikilitic orthoclase. (Crossed nicols.) 
FicurE 2. QuARTZ MONZONITE PROTOMYLONITE, R.M.A. 141C, Cucamonca CANYON 
Showing zoned feldspars in a matrix of feldspar and quartz. (Crossed nicols.) 
Ficure 3. QuARTZ MONZONITE MyYLoniTE, R.M.A. 161B, Day Canyon 

Showing porphyroclast of zoned feldspar. (Crossed nicols.) 

Ficure 4. Quartz MONzONITE MyYLoNnITE, R.M.A. 168C 
From a 6-inch band cutting the Black Belt, Cucamonga Canyon. (Ordinary light). 

Ficure 5. Derr Diorire, R.M.A. 159, DEER Canyon 
Twinned plagioclase; (H) hornblende. (Crossed nicols.) 


FicurE 6. HORNBLENDE PHASE OF PyROXENE Droritic GneEtss, R.M.A. 131C, CucamoncaA CANYON 


Light-gray areas, feldspar; darker gray and black areas, hornblende. (Ordinary light.) 
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ABSTRACT 


The succesion of Paleozoic strata in the Logan quadrangle, northern Utah, is one 
of the thickest and best exposed in the western United States. It includes 16 for 
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mations, representing every system of the Paleozoic except the Permian. Measurable 
gctions of these formations have a total thickness of 23,200 feet. Here most of the 
formations are better exposed than in the area, contiguous to the Logan quadrangle 
at its northeasteastern corner, where Mansfield made his phosphate studies. 

These formations are described in detail. The Swan Peak formation (Ordovician) 
is divisible into three members; the Jefferson formation (Devonian) is divided into 
two members—the Hyrum dolomite member below and the Beirdneau sandstone 
member above. For the Lower Devonian rocks of the area a new formation, the 
Water Canyon formation, is defined. The Upper Mississippian rocks, called the 
Brazer formation, are 3700 feet thick at one locality in the quadrangle, a much more 
complete exposure than at the type locality of the formation in the Randolph quad- 
rangle to the east. Pennsylvanian rocks reach a total thickness of 6000 feet in this 
area. A stromatolitic limestone in the Wasatch conglomerate is named the Cowley 
Canyon limestone member. 

The structures of the area include folds and overthrust faults produced in the 
laramide deformation and high-angle faults of the Basin-and-Range type produced 
late in the Cenozoic. The major Laramide folds are the Logan Peak syncline and 
the Strawberry Valley anticline. Overthrusting appears to be responsible for sepa- 
rating the homoclinal masses that constitute the mountains of the west side of Cache 
Valley. The principal high-angle faults are defined as the East Cache, Hyrum, 
Wellsville, Dayton, and Clarkston faults. 

A résumé of the geologic history of the area includes the recognition of two erosion 


surfaces—the Rendezvous Peak surface (late Tertiary) and the McKenzie Flat sur- - 


face (Quaternary). 
LOCATION AND EXTENT OF AREA 


The Logan quadrange is a 30-minute quadrangle in northern Utah adjacent to the 
Idaho boundary (Fig. 1). It is separated by one quadrangle (Randolph, Utah) from 
the Wyoming boundary. To attempt a solution of some of the fundamental geo- 
gical problems of the quadrangle, particularly those of the structure and geologic 
history of Cache Valley, reconnaissance studies in the areas surrounding the quad- 
rangle on the south, west, and north have been necessary. Such studies have ex- 
tended southward to James Peak, the north end of Ogden Valley and Willard Peak; 
westward across Wellsville Mountain, Junction Hills, and the Southern Malad Range; 
and northward into the Preston quadrangle, Idaho. 


GENERAL GEOGRAPHY 


The principal topographic features of the Logan quadrangle are Cache Valley and 
the Bear River Range (PI. 2, fig. 2); the latter occupies approximately the eastern 
three-fifths of the area, the former the western two-fifths. Both are first distinguish- 
ible near the southern boundary of the quadrangle, but extend well into Idaho. 
Soda Point, the northern end of the Bear River Range, is about 45 miles north of the 
Idaho boundary, and Red Rock Pass, the northern end of Cache Valley, is about 23 
miles. The Logan quadrangle is nearly coincident with Cache County. The fertile 
and well-watered agricultural lands of Cache Valley make Cache County one of the 
most populous and prosperous counties of Utah. It ranks fourth in population, 
third in value of agricultural products, and fifth in taxable wealth among the counties 
of the State. It has no mining industry, and its few manufacturing establishments 
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Ficure 1.—Location of the Logan quadrangle, Utah 


such as a sugar factory, a cheese factory, and evaporated milk plants are all closely 
related to the¥predominant occupation of agriculture. The brush and tree-covered 
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slopes of the Bear River Range provide summer grazing ‘or thousands of sheep and 
cattle. 


PHYSIOGRAPHIC DIVISIONS 
GENERAL STATEMENT 


Southern Cache Valley lies between two northwardly directed prongs of the Wa- 
satch Mountains—Wellsville Mountain (western) and the Bear River Range (east- 
em). According to Fenneman (1917, p. 80-82), the boundary between the Basin and 
Range province and Middle Rocky Mountains follows the Bear River through Cache 
Valley. This division, which places only the northwestern corner of the Logan 
quadrangle, including the east edge of Clarkston Bench, in the Basin and Range 
province, was illustrated by Mansfield (1927, Pl. 15). It, of course, assigns most of 
Cache Valley, Wellsville Mountain, and the Bear River Range to the Middle Rocky 
Mountains province. 

Cache Valley is essentially a graben bounded by Tertiary faults of the type that 
characterize the Basin and Range province (Pl. 6). Further, the Bear River Range, 
at least in the Logan quadrangle, consists essentially of two tilted blocks bounded 
by the same type of faults. If such structure be the most important criterion for the 
Basin and Range province, then the Logan quadrangle should be wholly included 
inthat province. Indeed, the easternmost Basin and Range faults at this latitude are 
apparently the high-angle fault on the west side of the Crawford Mountains near the 
east boundary of the Randolph quadrangle (Richardson, 1941, Pl. 1) and the Bear 
Lake fault that bounds Bear Lake Valley on the east side (Mansfield, 1927, Pl. 9; 
Richardson, 1941, p. 41). If the essential criterion be the presence of alluvium- 
filled structural valleys, with the boundary drawn at the margin of such valleys, as is 
done where the east edge of the Great Basin is traced along the Wasatch fault, then 
the boundary should be placed around Wellsville Mountain, southward along the 
Wellsville and Hyrum faults, across the south end of the valley and northward along 
the East Cache fault at its eastern margin (Pl. 1). On Fenneman’s (1931, in pocket) 
map the latter has been followed; on Nolan’s map (1943, Fig. 10) the Wasatch Range, 
including the Utah portion of the Bear River Range, has been included in the Basin 
and Range province. 


BEAR RIVER RANGE 


Mansfield (1927, p. 33) has pointed out that this range does not end at Logan River, 
as indicated by the maps of the King and Hayden surveys, but extends much farther 
south. He suggested a limit near Huntsville. The writer’s studies show that 
structurally the Front Ridge of the range ends with Sharp Mountain, in T. 8 N., R. 
2 E., and the back or eastern ridge, including Temple, Hayes, and Monte Cristo 
ridges, ends at about the same latitude, in T. 8N., R. 4E. 

The Bear River Range in Utah consists of two ridges separated by a depression, 
as Peale (1879, p. 598) noted. The higher, western ridge, including Naomi and Logan 
peaks, the highest points in the range, is here given the name Front Ridge, partly 
following Bailey (1927a, p. 5). It is the elevated western edge of a fault block 


4 
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bounded on the west side by the East Cache faults. The eastern ridge (PI. 3, fig. 1) 
of similar structure is composed of Temple Ridge (Bailey, 1927a) and Hayes Ridge, 
bounded on their western sides respectively by faults of corresponding names. Upper 
Logan River occupies the northern part of the asymmetrical central depression. At 
the southern boundary of the quadrangle, adjacent to Hayes Ridge, where the inter- 
mediate valley is much wider, it was called the Cambrian Plateau by Hague (Hague 
and Emmons, 1877, p. 412-417) and is now locally known as Ant Valley. 


MALAD RANGE 


This range stands north and west of Cache Valley, forming its western side from 
the north end of Junction Hills to Red Rock Pass where both the range and the 
valley end. It lies wholly outside the Logan quadrangle. It is divided into north. 
ern and southern parts by an asymmetricl depression drained northwestwardly by 
the headwaters of Malad River and southeastwardly by Weston Creek (Peale, 1879, 
p. 606-607). This depression marks the northward extension of the Clarkston faults 
(Pl. 6) which bound the Southern Malad Range on the east. The Northern Malad 
Range is bounded on the east by the scarps of the Dayton faults, while the westem 
boundary of the southern mass is the Plymouth fault. The high point of the south- 
ern mass is Clarkston Peak, elevation 8395 feet; the northern range culminates in 
Oxford Peak, elevation 9245 feet. 


JUNCTION HILLS 


For the low irregular ridge which forms the west side of Cache Valley between the 
Southern Malad Range and Wellsville Mountain, northernmost extension of the 
western prong of the Wasatch Mountains, the writer proposes the name Junction 
Hills. The Paleozoic rocks that form the core of this ridge are separated from the 
rocks of the adjacent ranges by faults of great displacement. U. S. Highway 89 
crosses the crest of the hills toward their southern end and, of course, at the lowest 
point. This pass is somewhat below elevation 5135 feet and was therefore covered 
by the waters of Lake Bonneville (Gilbert, 1890, p. 178; Pl. 30). Northward the 
general altitude of the crest increases, and the northern half was several hundred 
feet above lake level. Bear River leaves Cache Valley through a narrow gorge cut 
through this ridge, referred to by Peale, Bradley, and Gilbert as ‘The Gates of Bear 
River.” Junction Hills owe most of their present relief to the Plymouth and Clarks- 
ton faults which bound them respectively on the west and east. 


WASATCH RANGE 


The Wasatch Range proper begins at the south end of Junction Hills with Wells- 
ville Mountain (PI. 2, fig. 1), a notably high, narrow, simple-crested mountain that 
reaches an elevation of 9355 feet in Box Elder Peak. Southward from this peak, 
where the Pisgah Hills are recognized on the eastern side of the main mass, the crest 
lowers and narrows considerably. Box Elder Canyon separates this mountain from 
Willard Mountain, the next high mass to the south. Pisgah Hills are a group of hills 
mostly associated with a somewhat continuous ridge that is separated from Wells 
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yille and Willard mountains by the Dry Lake depression and Mantua Valley, but 
which continues the general trend of Wellsville Mountain southward and eastward 
from Box Elder Peak. Structurally the area is a continuation of the Wellsville 
Mountain homocline, but the numerous tear faults which cross the homocline in this 
area have permitted more rapid lowering of the whole mass and the formation of 
numerous small conical hills set off by the faults and the strike valleys developed in 
the weaker members of the Paleozoic succession which constitutes the homocline. 
That is, the individual hills are essentially the remnants of transversely eroded hog- 
backs. Mt. Pisgah (elevation 7144 feet) in T. 9 N., R. 1 W., gives the name to the 
group. Mantua Valley, whose floor was covered by shallow waters of Lake Bonne- 
ville at its highest stage, is deeply set between the Pisgah Hills and the main crest of 
the Wasatch Range to the west. South of the Pisgah Hills and Mantua Valley, 
north of Ogden Valley, and between the south end of the Bear River Range and Wil- 
lard Mountain are the South Hills. They separate Cache Valley from Ogden Valley 
tothe south. Topographically they appear generally similar to the Pisgah Hills and 
they likewise surround several depressions such as Devils Gate Valley, Clay Valley, 
and Sink Valley, but structurally they are entirely different. Here each topographic 
unit is a homocline markedly displaced from those adjacent to it and interpreted as 
an individual thrust mass. Pyramid Peak, the westernmost hill, stands like a high- 
flying buttress against overtowering Willard Mountain; Rendezvous Peak is the 
highest point in the central mass of hills, with elevation 7320 feet. James Peak, of 
the same structure as South Hills, is a much larger and higher mass than any of them 
Reaching an elevation of 9250 feet, it rises from a plateaulike area south and east. 
of South Hills which equals in elevation the crests of most of the hills. 


CACHE VALLEY 


The valley is elongate and narrow with generally parallel sides throughout most 
of its length, and tapering ends. Its extreme length is about 60 miles, 35 of which 
are in Utah (Logan quadrangle), the remainder in Idaho (Preston quadrangle). 
The greatest width, about 17 miles, is near the state boundary line. Most of the 
deeper part of the valley in Utah (omitting the foothill benches) lies between 4400 
and 4600 feet. Corresponding elevations in the Idaho portion are 4500 and 4800 
feet, due in part to the large delta of silt and sand deposited in ancient Lake Bonneville 
by Bear River. 

Around much of its periphery the valley is bordered with foothill benches developed 
generally on masses of the Tertiary Salt Lake group. Where post-Salt Lake move- 
ment in the valley’s boundary fault zones has occurred at a distance from the moun- 
tain blocks of Paleozoic rocks, benches of various widths remain above the general 
elevation of the deeper parts of the valley. Most of these benches are dissected rem- 
nants of pediments that were once developed about the mountain masses bounding 
the valley. 

The largest foothill bench is Clarkston Bench, bounded on the valley side by the 
southern extension of the Dayton faults, which bring Bergeson Hill and Newtor Hill 
into sharp relief on their eastern sides. This bench, about 5 miles wide and 9_miles 
long, slopes from north to south and is drained by Newton Creek. Over half of the 
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bench stands above the highest level of Lake Bonneville and exposes the soft rocks 
of the Salt Lake group, on which has developed a soil well adapted for growing wheat 
by the “dry land” method. 

Westward across the south end of Clarkston Mountain is the narrow Plymouth 
Bench, too rugged on top and too narrow to encourage wheat farming. At the south 
end of Cache Valley, Hyrum and Paradise benches and McKenzie Flat (a similar 
bench) occupy all of the tapering end of the valley except the alluvial flats along the 
Little Bear and its tributaries which separate them. Hyrum Bench is the much 
dissected surface of a pediment developed on Paleozoic rocks (Wells formation) and 
those of the Salt Lake group. 

From the mouth of Blacksmith Fork Canyon to that of Green Canyon, north and 
east of Logan, no benches are developed, but from the latter point northward 4 
divergence of the locus of boundary faulting leaves the Richmond Bench. In its 
middle portion near Smithfield, where the conglomerates of the Salt Lake group are 
deeply dissected into foothill ridges transverse to its surface, the topography does 
not warrant the term bench, but both north and south of that portion the surface 
of the Tertiary mass appears as the remnant of a truncated pediment. Like Clarks 
ton Bench, all the foothill benches of the valley, except on the roughest portions of 
their surfaces, are planted to alfalfa and grain, crops that can be grown without ir 
rigation in this climate. 


PREVIOUS INVESTIGATIONS 


The northern limit of the work of the Fortieth Parallel Survey (1867-1877) was the 
middle of the Logan quadrangle, Lat. 41°, 45’N. The southern half of the quad- 
rangle was described by Hague and Emmons (1877, p. 403-419) who traversed Logan, 
Blacksmith Fork, and East Fork (Muddy) canyons and worked from the headwaters 
of the latter southward to Ogden River and Ogden Valley. The northern half fell 
within the Green River Division of the Hayden Survey and was described by Peale 
(1879, p. 598-608) who worked from Logan Canyon northward in 1877. In 1871 the 
Hayden Survey party traveled through Cache Valley on its way to Yellowstone Park 
(1872, p. 18-21), and in 1872 Bradley (1873, p. 199-200) examined the “Gates of the 


Bear River” enroute from Ogden to Malad, Idaho. Between 1872 and 1880 Gilbert | 


gathered information on the Great Basin, Gilbert (1890) made numerous references 
to Cache Valley which was the inlet for the principal tributary of the lake, Bear River, 
and the outlet for the lake, through Red Rock Pass. 

In 1906 Waicott (1908) studied the Cambrian section in Blacksmith Fork Canyon 
and established it as one of the important Cambrian sections in the west. Most of 
the other Paleozoic formations in the area were named by Richardson (1913; 1941) in 
the Randolph quadrangle. Mansfield’s paper (1927) expanded the description of 
these formations and their faunas and added greatly to the knowledge of the geology 
of southeastern Idaho in all its branches. The Montpelier quadrangle, southernmost 
and westernmost quadrangle in Mansfield’s area, touches the northeastern corner of 
the Logan quadrangle. 
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Ficure 1. Looxrnc NortHEAST 
From North flank of Logan Peak at forks in Logan Canyon (foreground), with Temple Ridge 


nd. 


FiGuRE 2. View To NorRTHWEST 
From a point south of boundary of quadrangle. Rendezvous Peak to left; Wellsville Mountain m 
background. 
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FIELD WORK 


The writer has spent parts of each field season since 1936 studying and mapping 
the quadrangle, although most of the work was done in the summers of 1939 and 1940. 
As a base map a photographic enlargement of the U. S. Geological Survey topo- 
graphic sheet of the quadrangle map was used. In the last field season aerial photo- 
graphs of Junction Hills, Wellsville Mountain, and South Hills were available. For 
areas outside Logan quadrangle, the U. S. Forest Service map of Cache National 
Forest, scale approximately 1:125,000, edition of 1941, was used. A 100-foot steel 
tape and a Brunton compass were used for stratigraphic sections, and data were 
reduced to stratigraphic thickness with the aid of Mertie’s chart (1922, Pl. VI). 

The colors of sedimentary rocks were determined in the field with the color chart 
of the committee on sedimentation of the National Research Council (Goldman and 
Merwin, 1928). The color names corresponding to the color chips on the chart 
come, of course, from Ridgway’s (1912) book on color standards and nomenclature, 
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GENERAL STRATIGRAPHIC FEATURES 


The stratigraphic succession in the Logan quadrangle and vicinity comprises some 
25,000 feet of rocks. Excepting about 2000 feet of Cenozoic rocks in the Wasatch 
and Salt Lake groups, all belong to the Paleozoic sequence. Pre-Cambrian time is 
represented by an outcrop of the Big Cottonwood Canyon series in the mouth of 
Box Elder Canyon in the extreme southwest corner of the quadrangle, but the thick- 
ness cannot be measured at the outcrop, and these rocks are not included in the total. 

The composition of the Paleozoic sequence is summarized as follows: 


Thickness Percentage 
Rock type in feet of tota 


Shale 500 
Sandstone 9500 
Limestone 8300 
Dolomite 4900 


Totals 23,200 

Much of the sandstone is calcareous, and about 90 per cent of all the rocks are 
definitely marine. Only the Brigham quartzite and the Water Canyon formation 
are probably of terrestrial origin, the former having yielded no fossils except a few 
tilobites from its uppermost shaly beds, the latter having furnished only fish remains. 

Through the work of Walcott, Richardson, and others most of the stratigraphic 
units that crop out in the area had been named. Mansfield’s paper (1927) on parts 
of southeastern Idaho, through its detailed descriptions of lithologic features and its 
faunal lists, added much to our knowledge of these formations. The writer has 
attempted to further contribute to this knowledge by describing them in an area 
where most are better exposed and generally thicker than in Mansfield’s area. 
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A summary of formations follows: 


Tertiary 
Salt Lake gr. (Oligocene- | Conglomerate and tuf- | Junction Hills 1160 | 0-1160+ 
Pleistocene)? faceous sandstone 
Unconformity 
Wasatch gr. (Paleocene or | Conglomerate and lime- 0-530+ 
Lower Eocene) stone 
Unconformity 
Pennsylvanian 
Wells fm. (Morrowan—Vir- | Calcareous sandstone Wellsville Mountain | 1000-6149+ 
gilian) 6140+ 
Unconformity 
Mississippian 
Brazer fm. (Iowan and | Limestoneand calcareous | Dry Lake 3700 1500-3700 
Chesterian) sandstone 
Disconformity 
Madison ls. (Iowan) Limestone Logan Canyon 845 small 
Unconformity 
Devonian 
Jefferson fm. (Senecan and | Dolomite and sandstone | Green Canyon 1840 0-2120 
(?) Chautauquan) 
Disconformity 
Water Canyon fm. (Ulste- | Sandy dolomite and sand- | Green and Logan Can- | 150-540 
rian) stone yons 540 
Disconformity 
Silurian 
Laketown dol. (Niagaran) | Dolomite Green Canyon 1510 considerable 
Disconformity 
Ordovician 
Fish Faven dol. (Cincin- | Dolomite Green Canyon 140 small 
natian) 
Unconformity 
Swan Peak fm. (Champlain- | Quartzite and shale Green Canyon 340 considerable 
ian) 
Garden City ls. (Canadian | Limestone Green Canyon 1400 small 
and Champlainian) 
Disconformity (?) 
Cambrian 
St. Charles fm. (Croixian) Dolomite and limestone | High Creek 1015 1015-1130 
Disconformity (?) 
Nounan dol. (Croixian, part | Dolomite High Creek 1125 825-1125 
at least) 
Bloomington fm. (Albertan) | Limestone and shale High Creek 1500 1050-1500 
Disconformity (?) 
Blacksmith dol. (Albertan) | Dolomite Left Fork 325-800 
Blacksmith Fork 325 
Ute fm. (Albertan) Limestone and shale Left Fork small 
Blacksmith Fork 665 
Langston fm. (Albertan) Dolomite and shale Blacksmith Fork 380 | 310-485 
Brigham qtz. (Waucobian) | Quartzite Wellsville Mountain | 1800-4800+ 
1800 
Pre-Cambrian 
Big Cottonwood Canyon Se- | Quartzite and phyllite Unknown 
ries 
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PRE-CAMBRIAN ROCKS 


Several hundred feet of quartzites and phyllites stratigraphically below the type 
Brigham quartzite (Walcott, 1908, p. 8), crop out in the mouth of Box Elder Canyon, 
just south of the southwest corner of the Logan quadrangle. Eardley and Hatch 
(1940, p. 812) described these and concluded (p. 840) that they may be either upper 
pre-Cambrian or Lower Cambrian. The writer has no new evidence of the boundary 
between Cambrian and pre-Cambrian, and follows the generally accepted idea that 
quartzites above the highest phyllites are Cambrian and the phyllites and lower 
quartzites are pre-Cambrian. At least part of the type Brigham is Lower Cambrian. 
From the Box Elder Canyon outcrop the phyllites, slates, and argillites extend north- 
westward into the Logan quadrangle but pass in a short distance beneath the al- 
luvium at the base of the mountain front. This is the only outcrop of pre-Cambrian 
rocks in the quadrangle, although they are more widely exposed in the Preston quad- 
rangle to the north and in Willard Mountain and James Peak to the south. 


PALEOZOIC SEQUENCE 


CAMBRIAN SYSTEM 


General statement.—Cambrian rocks underlie large areas. They are exposed almost 
everywhere along the east side of the area except where buried under the thin cover 
of “Wasatch” conglomerate. The Strawberry Valley anticline brings all seven Cam- 
brian formations to the surface in upper Blacksmith Fork Canyon. The west limb 
of the anticline in the canyon is the site of Walcott’s studies in 1908 and the type 
locality of the Langston, Ute, and Blacksmith formations. On the east limb, to the 
base of Hayes Ridge, all formations are again exposed in the reverse order. Hayes 
Ridge is composed of the Nounan and St. Charles formations, capped by a patch of 
Garden City limestone and Fish Haven dolomite. To the north Temple Ridge and 
Beaver Mountain are Cambrian. 

A large triangular area that covers the whole western face of Front Ridge at the 
northern boundary of the quadrangle (except the foothill slopes of Tertiary deposits) 
tapers to a point at the mouth of Logan Canyon, where the massive beds of dark-gray 
dolomite at the top of the St. Charles formation form the ledges west of the river and 
north of the highway. This area affords beautiful exposures of the Cambrian suc- 
cession above the Brigham quartzite, particularly in High Creek Canyon (Maxey, 
1941). Only the upper part of the Brigham is exposed. 

The third Cambrian area in the quadrangle is the ridge between Mantua and Bear 
River valleys, the southern extension of Wellsville Mountain. The west side of this 
ridge, east of Brigham City, is the type locality of the Brigham quartzite (Walcott, 
1908). The east side, down to the highway and across into the Pisgah Hills, exposes 
the other six formations. The exposures on a northeast slope are not good, and 
numerous dip faults cross the outcrops. To the northwest, outside the quadrangle, 
where the post-Brigham formations form the west face of Wellsville Mountain, is the 
excellent Call’s Fort section (Maxey, 1941). 

Brigham quartzite (W aucobian).—The most complete section of, the Brigham quart- 
zite in the quadrangle, that northeast of Brigham City in Baker Canyon, has been 
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measured and described by Eardley and Hatch (1940, p. 811). This section is nearly 
1800 feet thick, but the base of the succession is not exposed. Two miles south, a 
the mouth of Box Elder Canyon, several hundred feet of phyllite, older than the 
Brigham and presumably pre-Cambrian in age, crops out. The section of quartzite 
above the phyllite is, however, so badly faulted and poorly exposed that the total 
stratigraphic interval between the phyllite and the top of the Brigham cannot be 
measured, although it cannot exceed by many hundreds of feet the thickness of the 
section in Baker Canyon (Eardley and Hatch, 1940). On Flat Creek, in the Preston 
quadrangle to the north, H. V. Church, Jr., and the writer measured 4800 feet of 
quartzite below the Langston without observing an unconformity or any change in 
lithology sufficient to demarcate the lower limit of the formation. Only the upper 
part of the Brigham is exposed along Front Ridge, south of the Idaho State line, at 
the base of Temple Ridge in Ts. 13 and 14 N., R. 3 E., and in upper Blacksmith Fork 
Canyon, the other Brigham areas in the quadrangle. 

The thickness of the Brigham quartzite in this quadrangle, as a lithologic unit, is, 
then, not known, except that it is about 2000 feet at the type locality and increases 
rapidly to the north. The age of the formation likewise is not certain, except that 
it is older than earliest Medial Cambrian, the age of the basal fauna of the overlying 
Langston formation (Williams and Maxey, 1941, p. 277). However, at least the 
upper part of the Baker Canyon section, and hence most of the quartzite exposed in 
the quadrangle, is probably not older than Cambrian, and hence is Early Cambrian 
(Waucobian). 

The Brigham consists of gray, pink, brown, and greenish-brown quartzites; the 
gray and light-brown varieties predominate. In the upper few hundred feet Sco 
lithus is common in greenish-brown beds. At the top of the formation, at all ex 
posures, buffy-brown micaceous shale partings separate thin beds of quartzite. This 
“shaly” facies grades into the basal sandy limestone and dolomite beds of the over- 
lying Langston without indication of hiatus. 

Langston formation (Albertan).—Williams and Maxey (1941) showed that the 
Langston formation at its type locality in Blacksmith Fork Canyon consists essen- 
tially of two tan-weathering dolomite members separated by a limestone member. 
The lower one is 280 feet thick, the upper 50 feet, and the limestone member 50 feet. 
The dolomites, medium- to thick-bedded, are generally crystalline, porous, and light 
or medium gray on fresh fracture, but weather with a brown rind. This feature 
effectively distinguishes them from all younger dolomites in the area. In the upper 
part of the Left Fork of Blacksmith Fork, and on Saddle Creek at the quadrangle 
boundary in sec. 4, T. 11 N., R. 4 E., the dolomites, here nearly horizontal, form 
cliffs. There is a similar exposure in Temple Ridge at the mouth of the canyon of 
Little Bear Creek, east of the School of Forestry’s camp. At other localities the 
Langston is not conspicuous, but in any section its tan-weathering dolomites are 
easily recognized. 

Northward and westward from the type locality the basal dolomite thins and is 
replaced by the Ptarmigania limestone (Resser, 1939b), 15 to 30 feet of sandy and 
pure limestones with a distinctive fauna, and the Spence shale (Resser, 1939a), up 
to 200 feet of fuscous-black, green, and neutral-gray shales with another well-known 
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fuuna. On High Creek the upper tan-weathering dolomite is 35 feet thick, the 
intermediate limestones 180 feet, the Spence shale 200 feet, and the basal Ptarmigania 
limestone about 20 feet; a thin limestone member on top makes the total 485 feet. 
Following Walcott’s work, the Spence shale, famous for its trilobite fossils, has al- 
ways been assigned to the Ute formation. The writer and Maxey (1941) showed 
that it is part of the Langston formation. 

There is no evidence of unconformity between the Brigham and Langston, and the 
sandy facies of the Pfarmigania limestone may represent uninterrupted deposition 
from Brigham to Langston time. 

Ute formation (Albertan).—This name is applied to the less-resistant beds of shale 
and thin-bedded limestone between the Langston and Blacksmith dolomites. The 
type locality is Blacksmith Fork (Walcott, 1908). The shales of the Ute are uni- 
fomaly citrine drab, and they alternate fairly regularly, in rather thin members, 
with interlayered beds of sandy and silty limestones, odlitic limestones, stromato- 
litic (Cloud, 1942) limestones, and intraformational limestone breccias. The bed- 
ding in the sandy and silty limestones is marked by irregular wavy laminae of fine 
sand and silt that weather into relief, and to various shades of brown. Oélitic lime- 
stone is more abundant in this formation than in any other in the area. The Ute 
varies in thickness from 500 to 665 feet. It appears to be completely conformable 
with the underlying and overlying formations, although the lithologic units are satis- 
factorily distinct. At High Creek the Ute grades into the overlying Blacksmith 
dolomite. 

Blacksmith dolomite (Alberian).—In contrast to the shaly formations both above 
and below it, the Blacksmith dolomite is a cliff-maker. On the west limb of the 
Strawberry Valley anticline, from the Lucky Star Mine southward to East Fork, the 
Blacksmith forms a cuesta that looks out over Ant Valley to the southeast. A deep 
cut in the massive beds of this formation carries Highway 89 around the hill above 
the Amazon Mine in T. 14 N., R. 4 E. On the west side of Wellsville Mountain, 
near Call’s Fort, 800 feet of this formation stands in sheer ledges. 

The dolomite varies from compact to medium-grained, and from light to dark 
neutral gray, but it is generally massive. Some beds are odlitic, and the odlites are 
commonly cross-bedded. Some beds are silty and laminated, weathering to smoke 
gray. Part of the High Creek and Call’s Fort sections are limestone and dolomitic 
limestone. High cliffs of the formation are typically banded in the two shades of 
gray. In the Left Fork of Blacksmith Fork, near the type section (Walcott, 1908), 
the formation is only 325 feet thick; on High Creek it is 710 feet (Maxey, 1941). 

No fossils have been collected from the Blacksmith, but the faunas of the overlying 
Bloomington formation are Albertan. 

Bloomington formation (Albertan).—The Bloomington formation, about 1200 feet 
of thin-bedded gray limestones and tawny-olive shales, was named by Walcott (1908) 
from exposures 6 miles west of Bloomington, Bear Lake County, Idaho. Southward 
across the Utah State line in the Randolph quadrangle (Richardson, 1913; 1941, p. 
11-12), it is widely exposed in the east half of Ts. 13 and 14 N., R. 4 E., where Sink 
Valley, a solution valley whose bottom is lined with sink holes, has been eroded in 
the lower limestone member of the formation. Other large sink holes occur at the 
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same horizon in the western half of these townships, on the crest of Temple Ridge 
between Little Bear and Brush canyons, Logan quadrangle. There are other wid 
exposures of the Bloomington on the old Meadowville Road east of the Mud Fle 
Ranger Station, across the south end of Beaver Mountain, and in the South Fork gf 
High Creek. The formation is not readily seen in the Pisgah Hills. 

In this quadrangle the formation consists of a lower shale member (Hodges shale 
member), a lower limestone member, an upper shale member, and an upper limestone 
member. The Hodges shale member comprises about 300 feet of tawny-olive shale 
with a few thin interbedded layers of gray limestone. The compact dark-neutral 
gray limestone is irregularly interbedded and intermingled with thin and irregular 
masses of siltstone and shale which weather to various shades of brown and standin 
relief on weathered surfaces. The shale outcrops are tawny olive, but under certain 
conditions the flakes and plates also weather various shades of brown. 

In the succeeding limestone members, thin-bedded limestones of this type pre 
dominate, and the shale becomes subordinate. On High Creek the limestone content 
is greater throughout the formation; some of the beds in the lower limestone member 
are thick and without noticeable shale partings (Maxey, 1941, p. 32-33). Her, 
also, much of the limestone is odlitic. "The upper shale member, generally about 190 
feet thick, is never as thick as the lower one. In both the High Creek and Call's 
Fork sections there is a distinct upper limestone member, not over 100 feet thick. 
At the former locality it grades upward into the thin-bedded dolomites of the Nounan 
formation. It also furnishes excellent specimens of edgewise conglomerate which 
have some value as markers of this horizon. In a general way the Bloomington 
repeats the lithologic types of the Ute formation. As far as has been observed the 
Bloomington is conformable with the overlying and underlying formations. 

The upper limestone member contains a fauna comparable to that of*the Park 
shale of Montana (Williams and Maxey, 1941 p. 284) which is probably late Medial 
Cambrian. 

Nounan formation (Croixian in part, perhaps all) —The Nounan is essentially thin- 
to medium-bedded dolomites with some limestones which generally weather to 
slopes, in contrast to the thick-bedded clifi-forming dolomites of the Langston, Black- 
smith, and upper St. Charles. The type locality of the formation lies in the Bear 
River Range west of Nounan, Bear Lake County, Idaho (Walcott, 1908). In the 
Randolph quadrangle the formation is about 950 feet thick (Richardson, 1941, p. 
12), in the Logan quadrangle 1125 feet on High Creek, and just west of the quadrangle 
in the Call’s Fork section 825 feet (Maxey, 1941, p. 18, 31). Most of the formation 
may be characterized as light-gray dolomite, but the upper third contains much 
compact dark-gray thin-bedded limestone with uneven bedding and shaly and silty 
partings. The limestone beds are fossiliferous and contain, according to Maxey 
and Donald Duncan (personal communication), an early Cedaria fauna. 

There are good exposures of the Nounan in Hayes Ridge, in Temple Peak, in Beaver 
Mountain, and in upper High Creek, but they produce little of note on the slopes 
where they crop out. 

St. Charles formation (Croixian).—The St. Charles formation (Walcott, 1908) con- 
sists of a basal quartzite member, the Worm Creek, (Richardson, 1913, p. 408), 
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middle member of thin-bedded limestones, and an upper member of massive dark- 
gay dolomites that form distinctive ledges and mark the top of the Cambrian suc- 
cession in the area. The Worm Creek is drab, fine- to medium-grained, medium- 
bedded quartzite that can be readily distinguished from the buff and brown fucoidal 
quartzites of the Swan Peak. It is 6 feet thick at Call’s Fort west of the quadrangle 
(Maxey, 1941, p. 17) but to the east on High Creek it is 75 feet thick and in the Ran- 
dolph quadrangle (Richardson, 1941, p. 13) it reaches 400 feet. The limestones are 
several hundred feet thick and yield Upper Cambrian fossils, which have as yet been 
little studied, but which include Franconian forms (Williams and Maxey, 1941, p. 
284). 
4 thick beds of dark-gray dolomite at the top of the St. Charles are notable 
stratigraphic markers. They may be seen on both sides of upper Logan Canyon 
about 2 miles above Rick’s Spring where the valley becomes constricted, as the last 
ledges in the north wall of the canyon at its mouth, in Blacksmith Fork at the top of 
Walcott’s classic Cambrian section, and in Green Canyon northeast of Logan, just 
below the quarries in Garden City limestone that have furnished much building 
stone toLogan. Deiss (1938, p. 1123) erred in an attempt to redefine the St. Charles 
formation in the Blacksmith Fork section, apparently because he failed to locate the 
Worm Creek quartzite, which is distinctly present there. The 258 feet of limestones 
and intercalated intraformational conglomerates which he included at the top of the 
formation is basal Garden City and contains Ordovician fossils. 


ORDOVICIAN SYSTEM 


General statement.—The three Ordovician formations—the Garden City limestone, 
the Swan Peak quartzite, and the Fish Haven dolomite—,, first recognized by Richard- 
son (1913) in the Randolph quadrangle, are well developed in this area. As each is dis- 
tinctive lithologically, these formations are readily distinguished, and constitute a 
conspicuous trio of stratigraphic units (Pl. 5, fig. 2). The Swan Peak quartzite, with 
very characteristic fucoidal structures, is a good stratigraphic marker. 

Garden City limestone (Canadian and Champlainian).—The Garden City is es- 
sentially dark-neutral-gray, thin-bedded, shaly limestone that weathers olive buff. 
In the lower part there are regular alternations of compact limestone in beds about 1 
foot thick with shaly limestone in units 1 to 4 feet thick. In some beds the limestone 
iscrystalline; in others it is limestone conglomerate and breccia. Toward the top the 
shaly facies disappears, and the limestone is massive. In Logan and Green canyons 
the upper 200 feet of the formation is massive dolomitic limestone. In Green Canyon 
(northeast of Logan) the Garden City is 1400 feet thick. 

The best exposures of the Garden City formation are in Logan Canyon from Logan 
Cave (formed in the upper few hundred feet of the formation) to Rick’s Spring; and 
in the Right Fork of Logan Canyon from its mouth to the turn-off of the old Meadow- 
ville Road in sec. 15, T. 12 N., R. 3 E. 

Clark’s fossil collection (1935) was from the lower part of the formation in the 
mouth of Logan Canyon. Ulrich and Cooper’s (1938) specimens, with one exception, 
were from the upper part of the formation east of Mantua, just south of the quad- 
rangle boundary. Richardson (1913, p. 409), in first distinguishing the formation, 
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assigned it to the Canadian series. Ross (1948) believes that the upper part of the 
formation belongs to the Champlainian series. The writer has collected the following 
from the Garden City: 


GaRDEN City Fossits 


Sponges, several kinds O. cf. O. trochiscus (Meek) 
Dictyonema sp. Maclurea carinata Walcott 
Dendrograptus ci. D. flexuosus Hall Hormatoma, several species 
Clonograptus flexilis (Hall) Raphistoma acuta Hall and Whitfield 
Tetragraptus sp. Ampyx sp. 
Didymograptus cf. D. nitidus Hall Asaphellus sp 
Cystoid plates Tsoteloides (?) 
Crinoid, undetermined 

Bellefontia sp. 


Lingwepis acuminata (Conrad) 
Tritoechia cf. T. occidentalis Ulrich and Cooper énostegium, several species 
Finkelnburgia sp. Symphysurina (?) entella Walcott 


Ophileta rotuliformis (Meek) Pseudomaria barrandi (Billings) 


The Garden City formation contrasts sharply in lithology with the upper beds of 
the St. Charles, which have not been observed to vary noticeably either in nature or 
thickness. The relation is probably one of disconformity representing a small time 
interval. 

Swan Peak formation (Champlainian).—In the Logan quadrangle the Swan Peak 
consists of three thin but persistent members, as exemplified in the section measured 
on the south side of Green Canyon in sec. 20, T. 12 N., R. 2 E. 


Swan PEAK FORMATION 


Fish Haven dolomite 
Unconformity 


member—buff quartzite 
3. Thick-bedded light gray or buff hameed 
Fucoidal markings common. : 


Middle member—brown quartzite 
2. Thin beds of vinaceous-brown quartzite, marked with fucoidal 


rated by thin beds of mineral-gray shale. . 


Lower member—black shale 
1. Fuscous-black shale with thin widely interspersed beds of bluish-brown sandy lime- 
stone. Limestone beds at the base transitional to the limestone of the Garden a Giy.. a 


Total. . 
Garden City limestone 


In the northeast corner of the quadrangle on Beaver Creek and at the north end 
of Front Ridge the upper member is much thicker than at Green Canyon, the brown 
quartzite is relatively inconspicuous, and the shale member is present but thin. The 
three members are exposed along Highway 89 at the forks in Logan Canyon, where 
the Forest Service has erected an explanatory marker beside a large block of fucoidal 
quartzite from the upper member. In Blacksmith Fork the formation is represented 
by the basal beds of sandy limestone only; the rest being absent, apparently through 
subsequent erosion. Across the south end of Wellsville Mountain and through the 
Pisgah Hills to the east side of Mantua Valley all three members are developed, but 
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the formation as a whole is thin. In South Hills the basal shale member only is 
preserved. 

The Swan Peak has been thought to be Canadian in age, as indicated by the 
presence of Didymograptus bifidus (Hall) (Clark, 1935) and upper Canadian brachio- 
pods (Ulrich and Cooper, 1938). Though differing markedly in lithology from the 
Garden City, the Swan Peak is conformable and intergrading with it. However, 
Ross (1948) would assign it to the Champlainian series. 

Fish Haven dolomite (Cincinnatian).—The Fish Haven dolomite appears as a 
massive unit of dark-neutral-gray, medium crystalline, thick-bedded dolomite at the 
base of the thick Laketown formation (PI. 5, fig. 2). It is present in this position 
everywhere in the quadrangle from the Beaver Creek area in the extreme north- 
eastern corner to the east wall of Mantua Valley, and from the crest of Hayes Ridge 
in the extreme southeastern corner to the top of Clarkston Peak in the Southern 
Malad Range off the northwestern corner. The writer has seen no variation in 
lithology at any of these outcrops. In Green Canyon the Fish Haven is about 140 
feet thick. ‘The Cincinnatian age of the Fish Haven has been recognized ever since 
the formation was first distinguished (Richardson, 1913, p. 410). The writer has 
collected the following fossils from the Fish Haven: 


Strophomena cf. S. planumbona (Hall) 


Halysites sp. n 
Calapoecia cf. C. canadensis Billings Dinorthis sp. ? : 
Columnaria cf. C. alveolata Goldfuss Paleofavosites prolificus (Billings) 


Strepielasma sp. 


Considering the region as a whole, the Fish Haven dolomite is markedly uncon- 
formable upon the Swan Peak formation. Although angular discordance has not 
been observed, the variation in thickness of the tripartite Swan Peak, and hence the 
changing lithology of its upper beds at the contact with the Fish Haven dolomite, in 
contrast to the uniform thickness and lithology of the latter throughout the area, is 
proof of the unconformity that represents at least part of Medial Ordovician time. 


SILURIAN SYSTEM 


Laketown dolomite (Niagaran).—This formation, named by Richardson (1913, p. 
407, 410; 1941, p. 18) in the Randolph quadrangle from exposures in Laketown 
Canyon, is 1500 feet thick along the Logan Peak syncline in Front Ridge. The 
crest of Front Ridge is Laketown from the head of Steam Mill Canyon to the head of 
Cottonwood Canyon including Naomi Peak, highest point in the quadrangle. Good 
fossils are not obtainable from these exposures of the Laketown dolomite; dolomitiza- 
tion has reduced all but the corals. Those identified, however, indicate a Middle 
Silurian age. The writer has not seen the contact of the Laketown dolomite on the 
Fish Haven dolomite (Upper Ordovician), but there is no noticeable angular dis- 
cordance between them. Likewise the Water Canyon (Lower Devonian) formation 
lies without observed unconformity on the Laketown, but obviously there must be 
hiatuses of considerable time value at both boundaries of the dolomite. The follow- 
ing section was measured along the north side of Green Canyon in sec. 20, T. 12 N., 
R.2E, 
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LAKETOWN DOLOMITE 


Water Canyon formation - 
Disconformity 
be member (light gray) Fee 
4. Generally light-gray dolomite, medium-grained, crystalline, means from thin-bedded to 
massive. Halysites sp. and lunate stromatoporoids common. w 
3. Light-gray dolomite, crystalline, generally porous, thick-bedded. Quarried as lime rock, My 


Middle member (dark gray) 
2. Dark-gray dolomite, crystalline, varying from fine- to coarse-grained, and from thin-bed- 
ded to massive. Shadows of brachiopod shells common, including Pentamerus sp..... 9 


Lower member (light gray) 

Disconformity 
Fish Haven dolomite 

The writer has not observed bioherms in the Laketown, although in the uppermigst 
unit corals are abundant at some localities. The formation is well bedded wherever 
observed. In unsurveyed sec. 7, T. 13 N., R. 3 E., southwest of Tony Grove Laie 
silicified corals and stromatoporoids are abundant. The writer recognized seven 
species of Halysites, and Favosites sp. 

The Laketown dolomite appears much thinner southward in East Canyon and 
southwestward in the Pisgah Hills than in the Logan Canyon-Blacksmith Fork area. 


DEVONIAN SYSTEM 


General statement.—Some 2000 feet of rocks, mostly black dolomites and limestones 
and buff sandstones, occupies the interval between the Laketown and Madison for 
mations along the Logan Peak syncline. As a whole these rocks are the least resi- 
tant in the quadrangle and hence in places have guided the development of canyons 
and are responsible for a considerable widening of Blacksmith Fork Canyon from the 
forks to the mouth, and of Logan Canyon from the forks to the Logan City power 
plant. In addition to these exposures along the lower walls of the principal canyons, 
the Devonian rocks are widely exposed on the crest of Front Ridge in T. 13 NB 
2 E., and upper Cottonwood Canyon and upper Green Canyon are largely excavated 
in them. Northwest of Dry Lake these rocks are thin and do not affect the topog- 
raphy. In the east wall of Mantua Valley they are missing, and the Madison rests 
directly on the Laketown. 

Water Canyon formation (Ulsterian).—A thin but conspicuous unit of rocks marks 
the base of the Devonian throughout the quadrangle. It consists essentially of thin- 
bedded silty and sandy dolomites that weather smoke gray (‘“white’’) or buff. In 
the upper member the detrital content increases, and brown sandstone intraforma- 
tional breccias and sandy shales are interbedded with the dolomites, the only red beds 
in the Paleozoic sequence in the quadrangle. At the top the formation terminates 
abruptly beneath the massive basal bed of Jefferson limestone (PI. 4, fig. 2). 

Following is a composite section, the lower member measured along the north side 
of Green Canyon just west of the bend in NE} sec. 20, T. 12 N., R. 2 E., the upper 
member in Logan Canyon, north side, in sec. 24, T.12N.,R.2E. The buff-weather- 
ing dolomite with abundant fish fragments is taken as the basal bed in the upper 
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FicureE 1. View SoutH In Bl 
From Beirdneau Peak along Mill Hollow to Logan Peak, showing bench supported by limestones er 

of Brazer formation, surmounted by mass of Wells formation which constitutes the peak. Ledgesof | Mite W! 

Madison limestone below. | 


FicureE 2. View To NortH 
In Logan Canyon, sec. 30, T. 12 N., R. 2 E., showing, from bottom upward, well-bedded quartzites 
oe of middle member of Swan Peak formation, thicker-bedded quartzites of upper member of same forma- 
a tion, Fish Haven dolomite (dark), and Laketown dolomite above. 


ORDOVICIAN, SILURIAN AND CARBONIFEROUS FORMATIONS 
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member. The name for this formation is taken from a tributary of Green Canyon, 
where, in sec. 4, T. 12 N., R. 2 E., it is well exposed. 


WaTER CANYON FORMATION 


Massive limestone breccia bed, base of Jefferson formation. 


Disconformity 

Upper member Feet 
8. Light-gray fine-grained dolomitic sandstone. . 
7. Mostly light-gray sandy dolomite. A 4-foot bed of dolomitic sandstone at top... 25 


6. Buff dolomitic siltstone, purple-drab dolomitic sandstone, some acne sandy s ‘shale 
with mud cracks.. 


5. Compact thin-bedded d sandy bufl-weathering dolomite with fish fragments. . 
Total. . 1 
Lower 
4. Mostly compact white-weathering dolomite, some saseiaeietied dolomite. Some gray 
chert in the dolomite. . 110 


3. Dolomitic fine-grained sandstone, some laminated. ‘Mud cracks common. "Some intra- 
formational breccia. Most sandy and silty beds weather olive ocher or vinaceousfawn.. 53 

1, Same rm unit 3 above. . - = 


Disconformity 
Laketown formation 


In Blacksmith Fork Canyon there is no lower member, and the thin sandy dolo-' 
mite with fish fossils (unit 5) rests directly on the Laketown dolomite. Northwest 

of Dry Lake the lower member is well developed with an estimated thickness of 400 

feet, but the upper member is missing. 

Branson and Mehl (1931) described the fish fauna from unit 5 of this formation in 

Blacksmith Fork Canyon. They were not sure of its age. Bryant (1932) reviewed 

and compared the fauna to that in Beartooth Butte, Wyoming, and concluded that 

both are Lower Devonian. Subsequent finds of better fish material at Beartooth 

Butte (Bryant, 1933; 1934) and of the Psilophyton flora (Dorf, 1934a) confirm this 

age; and the finding of an excellent specimen of Protaspis cf. P. brevirostris Bryant 


in upper Cottonwood Canyon by one of our students, strengthens the correlation of 
these beds with those in Wyoming. No plant remains have been found in the Water 
Canyon formation. Lithologically the formation is generally similar to the Beartooth 
Butte formation (Dorf, 1934b, p. 728). 

The compact thin-bedded ‘“‘white”-weathering dolomites of the Water Canyon are 
distinct from those of the Laketown dolomite below and the Jefferson formation 
ibove. The disconformity at the top of the formation is marked. The one which 
probably exists at the base is more difficult to observe because the beds above it are 
weaker than those below. 

Jefferson formation (Senecan and (?) Chautauquan).—This formation in the Bear 
River Range is a succession of black dolomites and limestones, buff sandstones, and 
sandstone-limestone breccias. The lower member, here designated the Hyrum dolo- 
mite member for its excellent exposures (Pl. 4, fig. 1) in the mouth of Blacksmith 
Fork Canyon, east of the town of Hyrum, is predominantly black dolomite and lime- 
stone. The upper member, now named the Beirdneau sandstone member (PI. 4, 
fig. 1) for its continuous exposure about the base of Beirdneau Peak, is composed 
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wholly of buff-weathering sandstones; but in the middle the two rock types are inter. 
calated. 


JEFFERSON FORMATION 


Section measured up the Beirdneau Peak trail in secs. 16 and 21, T. 12 N., R. 2 E. 
Base of Madison formation 
Unconformity 
Beirdneau sandstone member 
11. Sandstone and siltstone, mostly smoke gray on fresh and weathered surfaces. Sand- 
stone fine-grained, mostly thin-bedded, slightly calcareous. Intraformational breccia 
common. Folding, crumpling, and brecciation by contemporaneous deformation char- 
acteristic. Halite casts, mud cracks, ripple marks abundant.. 300 
10. Sandstone, tawny olive to light gray, weathering generally to near olive buff, mostly 
thin-bedded. Intraformational breccia common. A few beds of sandstone- limestone 
breccia, sandstone in dark neutral-gray limestone. Some beds of light-gray quartzite. 
Occasional beds of olive-buff, very thin-bedded siltstone or shale. Same structure as 


Feet 


Total (Logan Canyon, 820; Blacksmith Fork 920, after Cooley, 1928). . “it . 
Hyrum dolomite member 
9. Limestone, dark neutral gray, massive. Weathered surfaces in parts marked by fine lines 
8. Sandstone, near tawny olive aqananng olive ocher, thin-bedded, ay oa 
slightly calcareous. . 5 
7. Limestone, near fuscous ‘black, ‘compact, brecciated ‘below, massive above. 65 


6. Dolomite, mostly dark gray weathering quaker drab, finely crystalline, medium-bedded. 
Some darker gray medium-grained, some lighter gray weathering light mouse gray. 
Some sandy with laminae standing in relief on weathered surfaces. Some mottled in 
two shades of gray. . 85 

5. Limestone and sandstone. Limestone fuscous black, compact, thin- to medium- bedded. 
Sandstone olive atc fine-grained, thin-bedded, calcareous, thin units spaced through 


the limestone. . 165 
4. Dolomite as above. ‘Widely spaced ‘thin units of thin- bedded, calcareous sandstone 

weathering olive ocher. . 435 
3. Breccia of black dolomite in sandstone. . ; 15 


2. Dolomite, mouse gray on weathered sufaces, slightly darker on fresh ‘surfaces, ‘fine tex- 
tured, sandy, medium-bedded. Some beds mottled, a few laminated. Few thin beds 


of platy sandstone. . 235 
1. Limestone and sandstone, limestone fuscous black, ‘sandstone smoke > ray, interbedded 
in thin to medium beds. . eee: 75 
Total (Logan Canyon 840; ‘Blacksmith Fork 1200). . 1108 
Disconformity 


Water Canyon formation 


From the basal unit in Green, Logan, and upper Cottonwood canyons the follow- 
ing have been obtained: 


“*Pachypora limitaris”’ Spirifer utahensis Meek 
Alrypa cf. A. nevadana Merriam S. engelmanni Meek 
A. aff. A. missouriensis Miller Martinia ‘‘maia (Bill)’’ 


A. cf. A. montanensis Kindle 


“‘Pachypora limitaris” is abundant in a dolomite about 100 feet below the top of the 
Hyrum dolomite member, but no fossils have been found in the Beirdneau. Mer- 
riam (1940, p. 67, 68) and Cooper (1942, p. 1768, 1769) point out that the Hyrum 
dolomite member correlates with the Spirifer argentarius zone of the Devils Gate 
formation. The Beirdneau sandstone member may be the taxonomic equivalent of 
the Three Forks shales and limestones, but the possibility of finding fossils in these 
upper beds in the Logan quadrangie, is remote. Search in adjacent areas, such as 
Ogden Canyon, may yield the desired information. In the meantime it seems un- 
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desirable to divide the Devonian rocks of the region into two formations, and intro- 
duce a new formation name, particularly since they are an intergrading lithologic 
unit. 

It is difficult to understand where Kindle (1908, p. 16) measured his section “nearly 
est of Paradise Post Office, in Green Canyon.” The Laketown dolomite and the 
Hyrum dolomite member of the Jefferson formation do not crop out in the canyon 
nearly east of Paradise that was recognized as Green Canyon by the topographers of 
the quadrangle in 1913. These formations might have been found on the east side of 
the syncline at the head of Hyrum Canyon, but there the Beirdneau member, not in 
his section, is well developed, as it is everywhere in Front Ridge at this horizon. 
Halysites “‘catenulatus” is common at many localities in the uppermost beds of the 
Laketown dolomite, just below the white-weathering dolomites of the Water Canyon 
formation, but we have never found it above this horizon. (Compare Merriam, 
1940, p. 70, 71.) 

In the east wall of Mantua Valley there is no Devonian, and the Madison limestone 
rests directly on the Laketown dolomite. Northwest of Dry Lake an estimated 200 
feet of white-weathering dolomite is overlain by a similar thickness of similarly thin- 
bedded, compact, light neutral-gray dolomites that weather buff. These dolomites 
contain fish fragments and are clearly the lower member of the Water Canyon forma- 
tion. The Madison follows, and no Jefferson is present. A mile or two southeast of 
Deweyville, on the west side of Wellsville Mountain near the north end, the Madison 
limestone is underlain by about 200 feet of thin-bedded black dolomite that may 
represent the Jefferson. In East Fork the Devonian appears to be thinner than in 
Blacksmith Fork. 

The great variation in thickness of the Jefferson formation in the quadrangle, con- 
trasted with the uniform appearance of the overlying Madison limestone, suggests a 
profound unconformity between the two formations. 


MISSISSIPPIAN SYSTEM 


Madison formation (lower Iowan).—The Madison limestone is well represented 
along the Logan Peak syncline by some 850 feet of thin-bedded, cherty, fossiliferous 
limestone, with only a minor shale member near its base. This 60-foot shale member 
sets off the basal limestone member as the “Contact Ledge,” a constant feature at the 
base of Madison outcrops in Front Ridge. Above these lower members the super- 
jacent limestones form bold cliffs, particularly in their lower half (Pl. 5, fig. 1). On 
the axis of the syncline in Logan Canyon the Madison limestone appears about 500 
feet above the highway, terminating the gentler, smoother slopes of the upper 
Beirdneau member of the Jefferson formation. Above its cliffs are other smooth 
slopes of the basal member of the Brazer. In Blacksmith Fork the Madison cliffs 
are closer to stream level, and in East Fork the canyon is bottomed in them. 

The Madison limestone appears in the Pisgah Hills without the “Contact Ledge” 
and the shale member. It strikes northwestward from the north shore of Dry Lake 
and toward the southeast forms the lower slopes of Mt. Pisgah. 

Sections of the Madison, Brazer, and Wells formations in the quadrangle have 
recently been published (Williams, 1943) and are not repeated here. 
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The Madison limestone maintains a uniform and characteristic lithology over wide 
areas, and the early Iowan age of its fauna is well established. 

Brazer formation (upper Iowan and Chesterian).—In the Pisgah Hills the Brage 
formation attains the greatest thickness yet reported for it—3700 feet of limestone 
shale, and calcareous sandstone, divisible into five members (Williams, 1943; Williams 
and Yolton, 1945). A sixth member of phosphatic shale and siltstone is present jp 
Front Ridge and at other widespread localities in northern Utah (Williams, 1939), 
A summary of Brazer stratigraphy follows: 


Top of Section 
Unit Dry Lake Thickness 
section (Feet) Characteristic lithology 
5 950 Silty Iss., calcareous siltstones, and black sh. 
4 950 Medium-bedded dark-gray cherty ls. 
3 470 Argillaceous Is. weathering olive buff. Some black 
sh. 
2 400 Thick-bedded dark-gray ls. 
1 900 Drab calcareous brown-weathering ss., intercalated 
with ls. 
200 (est.) Black and brown phosphatic sh. and ss. 
Total 3870 


The middle limestone members (equivalents of units 2-4 at Dry Lake) support a 
shoulder or bench on Front Ridge between Logan and Blacksmith Fork canyons, 
above which only the higher peaks (Logan, Providence, Millville, Little Baldy), 
residuals of the less resistant Wells formation, rise (Pl. 5, fig. 1). The uppermost 
shaly member has not been recognized in Front Ridge, but its presence, no matter 
how much attenuated the member, would contribute to the formation of the bench. 
The upper parts of Millville and Providence canyons, and Spring, Mill, and Leatham 
hollows are eroded in this bench. South of Blacksmith Fork the Brazer constitutes 
all the higher parts of the western division of Front Ridge. North of Logan Canyon 
the higher ridges and crests of Beirdneau Peak are Brazer. In the southwest comer 
of the quadrangle, the middle limestones lie along the east side of Mt. Pisgah and the 
other high peaks of the Pisgah Hills southward to the quadrangle boundary. The 
Dry Lake depression is partly excavated in the Madison and Brazer formations. 
The phosphatic shale member, which reaches its greatest development in Providence 
and Millville canyons, is missing in the Dry Lake area. 

Williams and Yolton (1945) have shown that unit 3 of the Dry Lake section (Siriati- 
fera ? zone) carries a fauna with both St. Genevieve and Chester affinities, and hence 
includes the Iowan-Chesterian boundary; and that units 1 and 2 are Iowan, while 
units 4 and 5 are Chesterian. 

The Brazer formation lies conformably on the Madison limestone, as far as has 
been observed, and the hiatus between them is of no great length, because the fossils 
of the basal unit at Dry Lake indicate a Warsaw age (Williams and Yolton, 1945). 
Both this unit and the underlying Madison maintain comparatively uniform thick- 
nesses throughout this area. 


Well 
entire | 
Box El 
Canyo! 
lower \ 
Along 
| and Li 
The 
across 
format 
mediut 
limestc 
with a) 
gray. 
calcare 
At tl 
with 
feet of 
F zone. 
earliest 
affiniti 
The W 
Fork c: 
butac 
[ like th 
| collects 
Fron 
Wellsv 
1943, | 
; in part 
The 
senting 
section 
equiva! 
617). 
the use 
determ 
tocks 2 
the We 
new te: 
The 
quadra 


PALEOZOIC SEQUENCE 1143 


PENNSYLVANIAN SYSTEM 


Wells formation (Morrowan-(?) Virgilian).—Generally the Wells formation is less 
resistant than the Brazer and Madison and forms smooth slopes. It constitutes the 
entire Cache Valley side of Wellsville Mountain and the whole of its crest north of 
Box Elder Peak. It likewise forms the valley side of the Pisgah Hills north of Sardine 
Canyon, which, except for its uppermost reaches, is eroded in Wells strata, as is 
lower Wellsville Canyon. Hyrum Bench is partly underlain by Pennsylvanian rocks. 
Along Front Ridge large masses of Wells beds constitute Logan, Providence, Millville, 
and Little Baldy peaks. Its thickness here is the order of 1000 feet. 

The author has published (1943, p. 594) a section of the Wells formation measured 
across the north end of Wellsville Mountain in secs. 10 and 11,T.11N.,R.2W. The 
formation here appears divisible into two members. The lower is 2300 feet of 
medium-gray, light-gray, and pale mouse-gray calcareous sandstones and sandy 
limestones, thin- to thick-bedded and weathering olive buff to buff brown, alternating 
with and grading into massive beds of dark neutral-gray limestone weathering light 
gray. The upper includes 2700 feet of medium-gray to drab, medium- to thin-bedded 
calcareous sandstone weathering buff, olive buff, or buff brown. 

At the base of this section, within 200 feet of the Brazer, is a Desmoinesian fauna 
with Wedekindellina. At the south end of the mountain, east of Dry Lake, 1140. 
feet of Pennsylvanian rocks lies between the top of the Brazer and the Wedekindellina 
zne. At least 450 feet of these and probably several hundred feet more are of 
earliest Pennsylvanian (“‘Bendian’’) age, containing at one horizon a fauna with close 
affinities to that of the Morrow formation of Arkansas (Williams and Yolton, 1945). 
The Wells formation of the high peaks on Front Ridge between Logan and Blacksmith 
Fork canyons has yet to be closely correlated with the Wellsville Mountain section, 
but a cursory examination of it reveals much thin-bedded, calcareous sandstone most 
like the upper member in the north Wellsville section. No fossils have yet been 
collected in these high sections. 

From 1000 to 2000 feet above the Wedekindellina horizon Triticites is abundant in 
Wellsville Mountain. At least some of these are of late Missourian age (Williams, 
1943, p. 617). The upper member of the north-end section then must be Virgilian 
in part, with the possibility that the uppermost beds might even be Permian. 

The propriety of the use of the name Wells for this thick succession of rocks repre- 
senting three, and probably all five, of the series of the standard Pennsylvanian 
section may well be questioned. The 2000 feet of type Wells probably is the time 
equivalent of the lower part of the Wellsville Mountain section (Williams, 1943, p. 
617). Lithologically these Wellsville rocks are enough like the type Wells to justify 
the use of the name. If and when the age of the type Wells can be more exactly 
determined, and the probable unconformity between the “Bendian” and younger 
tocks at Dry Lake located, consideration can be given to new formation names for 
the Wellsville Mountain section. In the meantime it seems best not to introduce 
new terminology. 

The Wells formation rests on the Brazer with profound unconformity in the Logan 
quadrangle and adjacent areas (Williams and Yolton, 1945). This is expressed in 
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the great variation in thickness of the Brazer—1500 feet southeast of Deweyvilk 
near the north end of Wellsville Mountain, 3700 feet at Dry Lake, and 1735 feet jn 
Blacksmith Fork Canyon. The great difference in the age and lithology of the rocks 
at the base of the Wells in Wellsville Mountain, with 450-1000 feet of “‘Bendian” 
rocks at Dry Lake, and none 11 miles north-northwest at Deweyville, indicate 
another unconformity between the “Bendian” and Desmoinesian rocks of the region, 
or perhaps basal overlap over considerable relief. 


CENOZOIC SEQUENCE 
TERTIARY SYSTEM 


Wasatch group (Paleocene or Lower Eocene).—‘‘Wasatch” conglomerate, a red 
pebble and cobble conglomerate with sparse boulders of white quartzite, is widely 
spread in thin patches over the eastern and southern parts of the quadrangle. A 
broad, continuous, roughly triangular patch spreads from Tony Grove Lake eastward 
to Red Banks in Logan Canyon and southward to Mud Flat Ranger Station. The 
more gentle eastern slope of Temple Ridge is largely covered with ‘“‘Wasatch.” 
The high ridge extending eastward from Logan Peak to the quadrangle boundary 
and forming the divide between the Right Fork of Logan Canyon and the Left Fork 
of Blacksmith Fork is extensively though thinly covered. Other patches cover the 
area about the head of Rock Creek, and west of Hayes Ridge the floor of Ant Valley 
is almost completely buried, although scattered windows show the Brigham quartzite. 
A small block of “Wasatch” conglomerate northwest of Wellsville, between the 
mouths of Pine and Brushy canyons, apparently faulted down against the Wells 
formation, makes a red “spot” on the landscape that is a landmark in southem 
Cache Valley. Wellsville Mountain has a notable patch of “Wasatch” conglomerate 
on its northern end in secs. 1 and 10, T. 11 N., R. 2 W., at elevations of 6400 to 
6900 feet. 

CowLrey CANYON MEMBER: The basal member of the ‘“‘Wasatch” throughout tle 
southern half of the quadrangle is of particular interest because of its distinct litho 
logic character. ‘This basal member is a limestone, at most outcrops an “odidal,” 
“stromatolitic,” “pisolitic,” or “algal” limestone with army-brown stromatolites in 
a brownish-gray matrix of compact limestone. It is much like the Flagstaff limestone 
of the Wasatch Plateau (Spieker and Reeside, 1925, p. 449; Eardley, 1932); both must 
have been deposited under similar conditions and are probably nearly synchronous. 
At a few localities the stromatolites are missing, and the rock is a compact cream- 
colored limestone. 

There is an especially instructive and easily accessible exposure of this limestone 
on the east side of Cowley Canyon in sec. 21, T. 12 N., R. 3 E., 0.9 mile above the 
junction of the Cowley Canyon and Right Fork roads. The base of the section isat 
elevation 5880 feet, about 100 feet above the road. The measured section is as 
follows: 


Top of Section 
Covered. Regular “Wasatch” conglomerate 


Cowley Canyon member : Feet 
4. Massive stromatolitic limestone. Little or no detrital material, the matrix apparently 
brown limestone, similar to that in the stromatolites. Bioherms up to 4 feet wide ly- 
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ing on and surrounded by pebble-size stromatolites which show an upward grada- 

tion in size, the larger ones lying in the depressions between and directly on the bioherms 20 
3. Covered. Float indicates regular “Wasatch” conglomerate. . 23 
2. Pebble, cobble, and boulder conglomerate, with beds of grit and coarse-grained sandstone, 

and lenses of fairly pure stromatolitic limestone. In upper part generally less detritus, 

and smaller sized, some of the rock consisting of pebble-sized stromatolites in a matrix of 

red-stained sand, with scattered pebbles and cobbles; and part composed of similar stro- 

matolites in a matrix of compact brown limestone. . ; 25 
1. Massive stromatolitic conglomerate and breccia. Toward the ‘base colluvial breccia of 

fragments of Garden City limestone mixed with stromatolites, spread over and extend- 

ing into widened joints of the underlying ledges of Garden City limestone. Consider- 

able angular chert toward the base, the fragments often the nuclei of stromatolites. A 1- 


Unconformity 


Garden City limestone 

No scoured channelings are apparent in the limestone ledges that underlie this 
exposure, but rather deposition appears to have begun against ledges and talus of 
Garden City limestone, the stromatolites, formed in flowing water, having been swept 
into place as part of the traction load of a stream that could move boulders. Frag- 
ments of residual chert, in a stream saturated or nearly saturated with calcium bicar- 
bonate, served as the nuclei of many of these earliest-deposited stromatolites. The 
basal bed apparently marks the beginning of a lake at this site. By the time unit 
2 was accumulating, part of the stromatolites were being buried in a matrix that 
would become compact limestone. Before the lake disappeared bioherms several 
feet wide grew on its bottom. The lake must have been shallow and subject to strong 
near-shore currents that shifted the loose stromatolites about and in places buried 
the bioherms that had grown in the clearer, more persistent areas of open water. 

Mansfield (1927, p. 109) recognized these stromatolitic limestones in the Mont- 
pelier quadrangle, as did Richardson (1941, p. 33, 34) in the Randolph quadrangle. 
Alike “algal” limestone is reported by Love (1939, p. 60) from the Indian Meadows 
formation on the south side of the Absaroka Range, a formation of early Lower 
Eocene age. The same type of rock is present in the “Almy” formation in the Gros 
Ventre, Hogback, and Teton ranges (Church, 1940, p. 32). 

In the Logan quadrangle this limestone at every observed locality lies upon the 
Paleozoics as the initial “Wasatch” deposit. If all exposures represent deposits in 
the same fresh-water lake, as seem most probable, since the area under consideration 
is not large, differences in altitude of the present outcrops are measures of post- 
Wasatch deformation, if relief in the lake basin is ignored. Table 1 shows the out- 
crops of the Cowley Canyon limestone member. 

The Cowley Canyon member ranges from 0 to 83 feet thick. The lake in which 
it accumulated skirted the south end of Temple Peak (afterwards buried by the en- 
ctoaching gravels), and from the vicinity of the peak its shore line bore southwest- 
ward toward the southwest corner of the quadrangle. Its southern shore line 
followed the north side of James Peak, in T. 8 N., R. 1 E., and eastward the lake 
seems to have extended well into the Randolph quadrangle. 

The roundstones in the conglomerate above the limestone are predominantly 
cobbles of brown-weathering calcareous sandstones, such as constitute unit 1 of the 
Brazer formation and most of the Wells. Next in abundance are fragments of Madi- 
son and Brazer limestone. For the patch at the north end of the Wellsville Moun- 
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Table 1.—-Outcrops of Cowley Canyon limestone member 


No. Location — Type limestone 
1 T.12N., R. 2 E., S. E., } sec. 36 | 7600 | stromatolitic 
2 T. 12 N., R. 3 E., S. $-s0ec. 11 | 6370 | stromatolitic 
3 S. E. } sec. 13 | 6800 | stromatolitic 
4 S. W. 3 sec. 15 200 | stromatolitic 
‘3 W. 4 sec. 21 5880 | stromatolitic and compact 
6 T. 12 N., R. 4 E., N. W. 3 sec. 20 7200 stromatolitic 
7 T. 11 N., R. 4 E., N. W. 3 sec. 29 | 6630 | stromatolitic 
8 T. 10 N., R.3 E., N. W. 4 sec. 12 | 6400 | stromatolitic 
9 T.9N., R.4E., N. E. } sec. 18 | 7580 | brown compact, fossilifer. 
| | ous 
10 S. E. } sec. 17 | 8500 | brown compact, fossilifer. 
ous 


tain an estimated 70 per cent of the roundstones are calcareous sandstone and chert, 
the remainder Carboniferous limestones. The chert cobbles and pebbles are minor, 
In T. 12 N., R. 4 E., on the ridge west of Elk Valley Ranger Station an estimate was 
95 per cent calcareous and quartzitic sandstones, the remainder Carboniferous lime. 
stones. Adjacent areas of Swan Peak outcrop, as in the vicinity of the Mud Fiat 
Ranger Station and on Temple Ridge in T. 13 N., R. 4 E., large boulders of this 
quartzite are locally abundant. Although the other early Paleozoic formations 
must be represented in the conglomerate, the preponderance of late Paleozoic material 
is striking. A large mountain mass exposing wide areas of Carboniferous rock located 
presumably west of the quadrangle must have furnished most of the gravel. The 
maximum pre-Wasatch relief exhibited in the quadrangle (certainly free from the 
effects of subsequent diastrophism) probably does not exceed 1000 feet. 

The average thickness of the “Wasatch” in the quadrangle is about 300 feet. 
The thickest exposures are at the mouth of Little Bear Creek, T. 13 N., R. 3E, 
where 530 feet shows in the hill to the north, and at the mouth of Peter Hollow, sec. 
35, T. 10 N., R. 3 E. where 400 feet shows in the ridge to the west. At neither of 
these localities is the base exposed, but over most of the area the “Wasatch” cover 
is much thinner than at these points. 

The “Wasatch” of the Logan and Randolph quadrangles can be traced into the 
type Wasatch 20-35 miles to the southeast (Richardson, 1941, p. 32-33). It isnot 
certainly known to which of the three formations in the Wasatch group it is equiva- 
lent, but probably it is to the lower conglomerate, the Almy formation. According 
to Veatch (1907, p. 89) the conglomerates in Echo Canyon are the equivalents of 
the Almy. Eardley (1944, p. 842) has named the conglomerates below and above 
the striking unconformity exhibited in the north wall of the canyon. He states that 
the unconformity disappears northward and the conglomerates cannot be separated. 
At least one lens of tuff occurs in the ‘“‘Wasatch” in the Logan quadrangle, in secs. 
35 and 36, T. 10 N., R. 3 E., at the mouth of Peter Hollow. This lithologic facies 
suggests the Fowkes formation which lies above the Almy. At locality 10 in the 
above listing the writer obtained Planorbis sp. indet. and Physa bridgerensis Meek. 
These were identified by F. Stearns MacNeil of the U. S. Geological Survey who 
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stated (personal communication) ‘The present known range of P. bridgerensis is 
lower and middle Eocene. So far it has not been reported from the Paleocene. 
Specimens from the Logan quadrangle are identical in all respects with specimens 
from near Ft. Bridger, Wyo.” Since the area under consideration lies somewhat 
west of the Wasatch in the type area, which means mountainward in terms of the 
regional paleogeography of Eocene time, the basal conglomerates there may be some- 
what younger (lower Eocene) than the basal conglomerates in Echo Canyon (Almy 
formation, Paleocene). 

Salt Lake group (Oligocene ?-Pleistocene ?).—Light-colored tufis, tuffaceous sand- 
stones, and conglomerates of the Salt Lake group (Hayden, 1869, p. 92) underlie 
the foothill benches about the margins of Cache Valley and extend in irregular patches 
through the passes that connect the valley with adjacent valleys on the south, west, 
andnorth. As the valley narrows at its southern end, Hyrum and Paradise benches 
and McKenzie Flat expose wide areas of outcrop, and patches of Salt Lake group 
sediments occur close to the Cache Valley-Ogden Valley summit in South Hills. 
Junction Hills are thickly covered with these sediments, and here occurs the thickest 
exposure in the area. The northern part of the Southern Malad Range is widely 
covered on the drainage area of Weston Creek, and Clarkston Bench is underlain 
everywhere by these rocks. Richmond Bench on the east side of the valley provides 
wide exposures in the mouths of the canyons of Dry, Smithfield, and High creeks. 

The following section was measured across the Junction Hills horst in sec. 15, T. 
13N., R. 2 W. 


Satt Lake Group In JuncTION HILts 


Top of section Feet 
5. Tuffaceous marl, thin-bedded, fissile, light gray to white. Ostracod tests abundant in 
some beds. . 
4. Wood-brown lithographic limestone weathering white. . eae 
3. Smoke-gray petroliferous limestone, thin-bedded, platy, “and weathering white. . 83 


2. Calcareous odlite and sandy calcareous odlite, thick-bedded. Odlites porous with toe 
little cement. Cross-beddingcommon. A few beds of conglomerate. Shells of 


snails and ostracods common. .... . 
1, White calcareous odlite pebble conglomerate, massive. "Majority of roundstones are 
small to well rounded. common. 
Unconformity 
Paleozoic rocks 


This section clearly represents the sediments of an ancient lake where deposition 
of a traction load of pebbles, sand, and odlites near shore was followed by the ac- 
cumulation of thin-bedded tuffaceous marls and limestones as the waters of the ex- 
panding lake transgressed. 


QUATERNARY DEPOSITS 


Recent and Pleistocene deposits consist of drift in upper Logan Canyon and its 
tributaries and at a few other favored places in the quadrangle; alluvial terraces and 
alluvial fans in the lower parts of the principal canyons; and lacustrine sediments 
everywhere in Cache Valley below elevation 5135 feet, the highest level of the waters 
of Lake Bonneville. 
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The glacial geology of upper Logan Canyon and the area 2round Logan Peak has 
been studied by Young (1939). He found no evidence of glaciers on Temple anj 
Hayes ridges. Later studies by H. V. Church, Jr. (personal communication), ing 
cate that several ice streams descended the northeast side of Wellsville Mountain 
from points of origin around Box Elder Peak, and probably reached into the lake, 
Extensive alluvial terraces in Logan Canyon between the mouth of Mill Holloy 
and the forks, and in Blacksmith Fork Canyon between the forks and the mouths of 
the Cottonwood canyons, are probably related to the Bonneville stage of the ancient 
lake. Conspicuous but relatively small alluvial fans in the lower few miles of Logan 
Canyon, Green Canyon (northeast of Logan), and Blacksmith Fork Canyon ar 
clearly of post-Lake Bonneville origin. No attempt has been made to study or map 
in detail the deltas, wave-built terraces, bars, and other depositional features pro 
duced around Cache Valley at the various levels of Lake Bonneville. 


GENERAL STRUCTURAL FEATURES 


The geologic structures in the area may be divided into two categories: those that 
affect only the Paleozoic and pre-Cambrian rocks, and those that also affect the 
Tertiary rocks. It is well established that the first general deformation of Paleozoic 
rocks in the Cordilleran region took place during the Laramide revolution (late 
Mesozoic and early Tertiary). The first category, then, is Laramide structures, 
The younger structures are high-angle faults associated with block faulting such as 
has produced the Basin and Range physiographic province. These may be called 
Basin and Range faults. 

The Basin and Range faults are primarily responsible for the present topographic 
expression of the area. They created Cache Valley and the mountains on both sides. 
They divide the area into the Bear River Range, Cache Valley, and the Westem 
Rim consisting of Wellsville Mountain, Junction Hills, and the Malad Range. The 
Laramide structures exert a secondary control over the topography of the area, and, 
considering them alone, the region appears divisible into (1) the Bear River Range 
thrust block; (2) the South Hills area of thrust faults; and (3) the Wellsville Moun- 
tain-Junction Hills-Clarkston Mountain homoclines. 


LARAMIDE STRUCTURES 


FOLDS 


The Paleozoic rocks that constitute the Bear River Range in the Logan quadrangle 
are folded into a broad syncline and anticline. The Logan Peak syncline passes 
generally along Front Ridge and very nearly through Logan Peak. North of thepeak 
the syncline plunges to the south and west, but south of the peak the axis levels off 
and is nearly horizontal to the face of the range at the southern boundary of the 
quadrangle, where it is cut off by the East Cache fault. The Strawberry Valley 
anticline is clearly exposed in upper Blacksmith Fork Canyon, where it appears t 
be horizontal. North and south of here the structure is covered by “Wasatch” 
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conglomerate, but it was recognized and named by Richardson (1941, p. 38) in the 
Randolph quadrangle. 


STRUCTURES IN FACE OF THE BEAR RIVER RANGE 


From a point between Millville and Blacksmith Fork canyons northward to a 
point beyond Dry Canyon east of Smithfield, the dip of beds in the west limb of the 
Logan Peak syncline increases rapidly as the edge of the valley is approached until 
it commonly reaches a value of 90 degrees or more at the mouths of the canyons. At 
the mouth of Millville Canyon the beds of Laketown dolomite are approximately 
vertical; at the mouth of Providence Canyon the dip of the same beds is 166°, and 
they may be thrust somewhat to the east upon the Madison limestone. At the mouth 
of Logan Canyon on the north side the uppermost member of the St. Charles dolo- 
mite and the basal beds of the Garden City limestone are vertical; on the south side 
the beds of Garden City are slightly overturned to the east. At the mouth of Dry 
Canyon east of Smithfield beds of Brigham quartzite dip 75° E.; half a mile farther 
up the canyon the dip is only 55°, and half a mile farther only 34°. In Logan Canyon 
small faults parallel to the East Cache fault, believed to be of Tertiary age, complicate 
the relationships, but in Dry Canyon no faults mar the sharp flexure of the beds as 
the front of the range is approached. The writer interprets this sharp increase in 
dip at the face of the range as drag due to a large overthrust fault that cut the rocks 
at a greater angle than the slope angle of the present face of the range, and hence is 
not now represented by any part of the overriding mass. 

Both north and south of the points indicated the sharp upward flexure of the beds 
at the range front is missing; here, according to this interpretation, the Tertiary 
East Cache fault swings into the footwall block of the thrust fault beyond the zone of 
drag. 


SOUTH HILLS OVERTHRUSTS 


South Hills are a group of homoclinal masses of low relief separated by alluviated 
valleys or flats which make observation of their mutual relationships difficult, but 
they are interpreted as individual thrust masses. Their detailed description awaits 
mapping of the strip between the Logan quadrangle and Eardley’s area to the south. 


WELLSVILLE MOUNTAIN HOMOCLINE 


Through the mountain the beds strike generally N. 30° W., with a dip of 30° NE., 
but there are some important deviations. At the extreme north end of the mountain 
the trend approaches E.-W.; through the Pisgah Hills, between Dry Lake and Mantua 
Valley, the strike swings to the south, until across Mantua Valley it is approximately 
N.S. The numerous high-angle faults that cross the Pisgah Hills are interpreted 
as tear faults, produced when the homocline was tilted and thrust to the east, and 
are associated with the change in trend. In general the displacement on each fault 
is small, hardly sufficient to interrupt the general trend of the lines of outcrop. 
North and west of the quadrangle the homocline has not been studied in detail, but 
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reconnaissance suggests that transverse faults are widely spaced or missing from tha 
part of the range in which the trend is fairly constant. 


JUNCTION HILLS HOMOCLINE 


Junction Hills are composed of Paleozoic rocks veneered with Tertiary Salt Lake 
deposits. The veneer of younger rocks is irregular in thickness, and the older rocks 
are exposed in numerous patches. The largest exposure is in and adjacent to th 
gorge of Bear River. Here the lower part of the Laketown dolomite, the Fish Haven 
dolomite, and the Swan Peak quartzite are exposed striking N. 50° E. across the 
gorge and dipping about 25° NW. The small scattered exposures southeast of the 
gorge, as far as Cache Butte, all appear to be Laketown and/or Fish Haven. Tp 
the northwest the thin-bedded dolomites of the Water Canyon formation are visible 
before the Tertiary cover is reached. Farther northwest there is an outcrop of 
Madison limestone, and near the north end of the hills a considerable patch of basal 
Wells formation is exposed. Thus the essential structure of the ridge, in the Paleozoic 
rocks, appears to be a northwest-dipping homocline. 

Junction Hills is a horst, bounded by very youthful fault scarps. The scarp on the 
west side in weak conglomerates and odlitic limestones of the Salt Lake group is 
almost untouched by erosion. Large rock slides are common throughout its length, 
Gullies are left hanging at the top of the scarp. 

The thickest and best exposures of the Salt Lake group are north of the gorge, 
In general, these beds strike about N. 15° W. and dip to the east. This dip increases 
from almost zero on the west side to about 25° on the east side. The more steeply 
dipping beds are thin-bedded, ostracod-bearing tuffaceous sandstones, which had no 
initial dip. This indicates that some rotation of the Junction Hills block accom 
panied the post-Salt Lake group faulting. 


CLARKSTON MOUNTAIN HOMOCLINE 


The high southern end of the Southern Malad Range, known as Clarkston Moun- 
tain, is a homocline of Paleozoic rocks including formations from the Nounan dole 
mite to the Fish Haven dolomite. The general strike is a few degrees west of north, 
and the dip about 25° E. Reconnaissance trips over the mountain reveal several 
high-angle faults of small displacement cutting the mountain mass with nearly E.-W. 
strike. 


JUNCTION HILLS FAULTS 


Faults with large displacements separate the Wellsville Mountain, Junction Hills, 
and Clarkston Mountain homoclines. The traces of these faults are obscured by 
Tertiary and Quaternary deposits, but their approximate stratigraphic displacements 
are known. Across the fault at the south end of Junction Hills the upper part of the 
Wells formation lies opposite outcrops of the Laketown and Fish Haven dolomites. 
This is a stratigraphic separation of 7000 or 8000 feet. At the north end of the hills 
the lower part of the Wells formation lies opposite the Nounan and St. Charles dolo- 
mites. The stratigraphic separation here is about 6000 feet. 


The 
Z A 
(1) 
J and Cl 
tion Hi 
the ble 
jacent 
a north- 
isan € 
| south | 
3 but sw 
4 tion H 
4 (Fig. 2 
6) 
' overth 
(Fig. 2 
No« 
Hills 1 

posits 
Hills } 
Wells 

mich 
q of the 
a degi 
positic 
the gr 
4 tear f 
struct 
the so 
the ch 
across 
region 
has h 
| dip fa 
of the 
faults 


om that 


ee 


LARAMIDE STRUCTURES 1151 


The following are suggested as working hypotheses of the origin of these faults 
and their relation to the other structures of the area. 

(1) They are parts of the trace of a single great overthrust of which the Wellsville 
and Clarkston Mountain masses represent parts of the hanging-wall block, the Junc- 
tion Hills mass part of the footwall block (Fig. 2, a). 

(2) They are substantially parallel high-angle faults of the same generation as 
those in the Pisgah Hills and Clarkston Mountain. Tertiary erosion has reduced 
the block between them to an elevation some 3000 feet below the crests of the ad- 
jacent blocks (Fig. 2, b). 

(3) They are Tertiary faults representing short trends that depart from the general 
north-south trend of Basin and Range faults. More particularly, the north fault 
isan extension of a branch of the Plymouth fault of pre-Salt Lake group age; the 
south fault is an extension to the northwest of the Wellsville fault, also of pre-Salt 
lake group age. More recent movements have not followed these unusual trends, 
but swinging more north-south have produced the scarps that now bound the Junc- 
tion Hills horst (Fig. 2, c). 

(4) They are Tertiary faults of general E.-W. trend, pre-Salt Lake group in age 
(Fig. 2, d). 

8 They are transverse faults of great horizontal displacement in which separate 
overthrusts beneath the Wellsville and Clarkston Mountain homoclines terminate 
(Fig. 2, e). 

No direct proof for No. 1 is now known, but the positions at both ends of Junction 
Hills where the overthrust fault might be seen, are obscured by recent colluvial de- 
posits or beds of the Tertiary Salt Lake group. The general dip of the Junction 
Hills homocline is nearly opposite that of the adjacent Clarkston Mountain and 
Wellsville Mountain homoclines, a fact which seems to favor No. 1 over No. 2, and 
which seems very difficult to explain by No.3. The brecciated and mashed condition 
of the Paleozoic rocks at every outcrop in the Junction Hills block might support to 
a degree any of these hypotheses. The hypothesis of an overthrust fault in this 
position is favored by the general structure of the region, in which known overthrusts 
are prominent. The idea that Wellsville Mountain is a thrust mass is supported by 
the greater number of dip faults of small displacement, which may be interpreted as 
tear faults, through the Pisgah Hills in the area where the trend of the homocline 
changes most rapidly. If it could be proven that Wellsville Mountain has such 
structure, hypothesis No. 1 would receive strong support. 

Hypothesis No. 2 is suggested in part by the development of Mantua Valley, in 
the southwest corner of the quadrangle, which appears to exist primarily because of 
the closer spacing of dip faults in the area. The presence of numerous small faults 
across the site of the valley has permitted rapid erosion by Box Elder Creek to the 
regional water table and hence the capture of important subsurface run-off, which 
has helped to enlarge and further deepen the valley. A similar concentration of 
ip faults across the site of the Junction Hills block might have permitted lowering 
of the surface of the block to its present relatively low altitude, and the boundary 
faults or Junction Hills faults might be simply larger faults of the same generation. 
This hypothesis, however, does not explain the great stratigraphic displacements of 
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the Junction Hill faults or the difference in general attitude of the Junction Hills 
homocline from that of the two adjacent homoclines. 

Hypothesis No. 3 is suggested by the fact that Basin and Range faults often change 
trend abruptly, as illustrated by Gilbert’s map (1928, p. 20) of the trace of the 
Wasatch fault. However, here again it is difficult to conceive how any type of high- 
angle faulting along continuations of the Plymouth and Wellsville faults could bring 
about the present relative position of the three homoclines. Post-Salt Lake group 
movements on these faults certainly did not follow E.-W. trends across the ends of 
Junction Hills. There appears to have been no post-Salt Lake movement across the 
north end of Wellsville Mountain, and the distinct scarp along the east side of Junc- 
tion Hills is continuous with the faces of Wellsville and Clarkston mountains, to the 
south and north, suggesting that the Wellsville and Clarkston faults may be con- 
tinuous. 

Hypothesis No. 4 seems to be without support. No Tertiary faults of this trend 
are known in this area. The only E.-W. fault in the Bear River Range block in 
Utah is the small one in the face of the range just south of Logan Canyon. This 
fault of small displacement is apparently associated with the slight overturning of the 
beds in the mountain face, and it dies out within a mile of the mountain front. 
There are no transverse faults in the range opposite the Junction Hills faults. No 
type of high-angle faulting, even coupled with rotation, seems adequate to explain the 
great stratigraphic displacements of the Junction Hills faults. 

Hypothesis No. 5 is essentially like No. 1, but it supposes independent movements 
of the Wellsville and Clarkston Mountain masses. The shift in strike at the north 
end of Wellsville Mountain from northwesterly to westerly might be interpreted as 
due to drag on a transverse fault in which a thrust fault beneath the mountain might 
end. Ignoring this change in trend, and emphasizing the near accordance of atti- 
tude in the Wellsville and Clarkston Mountain blocks, one is inclined to hypothesis 


No. 1 which makes them part of the same thrust sheet. 


BASIN AND RANGE STRUCTURES 


GENERAL STATEMENT 


The structures here designated Basin and Range structures are high-angle faults 
of essentially N.-S. trend that cut the Wasatch and Salt Lake groups. They are 


primarily responsible for the major topographic features of the region such as the 
Bear River Range, Cache Valley, and the West Rim. In other words, they are 
marked by faults scarps that create relief which ranges up to thousands of feet. 


IN BEAR RIVER RANGE 


The most notable high-angle fault in the Bear River Range is the Temple Ridge 
fault first mapped and named by Bailey (1927a). The beginning of this fault in 
T. 12 N., R. 3 E,, is obscured in the outcrop of Tertiary conglomerate in that area, 


but it is easily traced across the upper reaches of the Right Fork of Logan River to the. 


base of Temple Peak where it is joined by the Mud Flat faults. The stratigraphic 
displacement here is about 2000 feet. The fault defines the base of Temple Ridge as 
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far as the mouth of Rigby Hollow in sec. 36, T. 14 N., R. 3 E., where it swings north. 
eastward across the head of Brush Canyon, leaving the bottom of Logan Canyon ang 
the Klondike fault which continues up the left fork of Logan River. The Temple 
Ridge fault follows down Stump Hollow and across the east side of the widened 

of Beaver Creek to the Idaho State line. At this point the stratigraphic displace 
ment, which appears also to be essentially the throw of the fault, is about 1000 feet 
The fault continues northward into the Preston quadrangle at least as far as St 
Charles Canyon where Minnatonka Cave is developed along it. At the Idaho State 
line the stratigraphic displacement of the Klondike fault is approximately 1000 feet, 
but it has not been followed into the Preston quadrangle. The Swan Peak fault 
(Pl. 1) has been mapped by the writer, Richardson (1941), and Mansfield (1927), 
It enters the Logan quadrangle along Sink Hollow, where the downthrow is on the 
west, and strikes southeastward, thence eastward, and thence northward across the 
base of Swan Peak. East of Beaver Creek the downthrow is on the opposite side of 
the fault. The Mud Flat faults along the Right Fork of Logan River at the base of 
the escarpment behind Mud Flat in T. 12 N., R. 3 E., are distributive faults, with 
the downthrow on the west side. These faults pass into the conglomerate cover in 
T. 11 N., R. 3 E., and it is not known whether they are continued in the Herd Hollow 
fault, a fault of small displacement that determines the course of the canyon of the 
same name through most of its length. The Lucky Star fault crosses the Left 
Fork of Blacksmith Fork at the Lucky Star mine. It has a throw of a little over 100 
feet and appears to be a nearly vertical normal fault with the downthrow on the west 
side. The Ricks Spring fault follows the general trend of Logan Canyon for at least 
a mile upstream from the spring. The displacement along it is small, but it puts the 
black dolomite of the upper St. Charles formation on the west opposite Garden City 
limestone on the east. The small fault which localizes Ricks Spring lies in the zone of 
the Ricks Spring fault, which is probably auxiliary to the zone of the Klondike and 
Temple Ridge faults. The Cottonwood fault in upper Cottonwood Canyon, T. 13 
N., R. 3 E., also localizes the large spring in that canyon, though it likewise has small 
displacement. 

The Hayes Ridge fault, like the Temple Ridge fault, defines a ridge of relief and 
orientation similar to that of Temple Ridge but located in the southeastern corner of 
the quadrangle. Its extension into the Randolph quadrangle, though perhaps not 
long, is obscured by passing into the area covered by “Wasatch” conglomerate. 
There is at least one auxiliary fault in the zone, and the total displacement is dis- 
tributed between the two. The maximum stratigraphic displacement of this fault 
zone in the quadrangle is perhaps near 1000 feet. 

The Rock Creek faults are multiple faults each of about 100 feet displacement. 
They define a shallow graben across upper Rock Creek Canyon. They cannot 
be traced with certainty into the “Wasatch” cover that reaches the edge of the shallow 
canyon on both sides but they are considered post-‘‘Wasatch” in age. 


EAST CACHE FAULTS 


These faults, which define the east margin of the floor of Cache Valley and the west 
face of the Bear River Range, may be traced southward into the canyon of Southeast 
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Fork, where they apparently die out, and they extend northward, perhaps for the 
full length of the range, completely across the Preston quadrangle to the vicinity of 
Soda Springs, Idaho. The attitude of the fault surfaces is not known, but small 
subsidiary faults in the mountain block, which may be seen in the mouth of Logan 
Canyon are nearly vertical. The noncommittal vertical attitude is therefore shown 
on the cross sections (Pl. 6). 

Bailey (1927b, p. 501-502) believed that the surface on the Paleozoic rocks be- 
neath the Tertiary breccias and conglomerates of the Salt group in Dry, Birch Creek, 
Nebo Creek, and City Creek canyons was the surface of the major fault in this zone. 
He reported the slopes at these points as 28°-35°. About 1938 a field conference of 
Utah geologists visited these localities, and its members were unanimous in the opin- 
ion that the contact of Tertiary and Paleozoic rocks at these localities is not a fault 
contact, but a sedimentary one, and that the surface on the Paleozoic rocks is an 
exhumed land surface against which the breccias have been deposited. The strong- 
est supporting evidence is that the slopes reported by Bailey are approximately the 
same as the general slope on the west face of the range in this area. 

The maximum or average total vertical displacement of this fault zone can only be 
guessed at. The depth to Paleozoic rocks along the east side of the valley must aver- 
age hundreds of feet, but is not known. Although the western face of the range is 
essentially a fault scarp, part of the relief may be due to pre-faulting erosion. It is 
believed that this fault zone originated in pre-Salt Lake group time, which might 
be as early as the Oligocene. This is because the rocks of this group are generally 
limited to the valley or the lower mountain slopes and do not occur on the Bear 
River Range block. That there has been post-Salt Lake movement along the bound- 
ary faults of the valley is attested by the tilted and disturbed rocks, by exposures of 
the rocks in fault contact with the Paleozoic rocks, and by fault scarps that cut them. 
Along the East Cache fault zone, northward from the mouth of Green Canyon, T. 
12N., R. 1 E., a scarp that marks the outer edge of Richmond Bench is the only 
evidence of post-Salt Lake group movement. ill traces of other faults is the zone are 
obscured by the nearly horizontal beds of breccia and fanglomerate that have accu- 
mulated in very late Tertiary or Pleistocene time along the base of the fault scarp. 
Near the south end of the zone in Southeast Fork Canyon fanglomerates are ap- 
parently faulted against the Paleozoic rocks, but no idea of the attitude of the fault 
plane can be obtained, because the canyons at the fault trace are very shallow. 


HYRUM FAULTS 


Hyrum Bench is essentially a pediment, now dissected, which was developed along 
the Pisgah Hills perhaps in early Pleistocene times. The surface of the old pediment 
truncates both Paleozoic and Tertiary rocks. The fault which brings the conglom- 
erates, sandstones, and tuffs of the Salt Lake group down against the calcareous 
sandstones of the Wells formation is the principal one of the group named the Hyrum 
faults. At least one other parallels this major fault about 1 mile to the east, and 
there may be others farther east beneath the alluvial cover along the course of the 
Little Bear River. 
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WELLSVILLE FAULTS 


High-angle faults of the Basin and Range type are assumed to mark the east sig 
of Wellsville Mountain and to outline “The Basin” opposite the northern Pisgah 
Hills in T. 10 N., R. 1 W. The only direct evidence of the existence of these faults 
known to the writer is in secs. 32 and 33, T. 11 N., R. 1 W., where a block of “Wa. 
satch” conglomerate has been faulted down against the Wells rocks that constitute 
the mountain face. The escarpment of the mountain face is continuous northwar 
into the eastern face of the Junction Hills horst, and hence the Wellsville faults ar 
probably continuous with the Clarkston faults to the north. 


STRUCTURE OF MANTUA VALLEY 


Gilbert (1928, p. 59,60) believed that Mantua Valley and the lower parts of what 
the writer calls the Pisgah Hills are a graben which also included the depression about 
Dry Lake and the upper part of Wellsville Canyon. The writer has found no evi- 
dence of longitudinal faults in this area (Pl. 6). The west side of the graben con- 
ceived by Gilbert is controlled at many points by structure, although in geneml 
the strike of the beds makes a small angle with the trend of the crest of the ridge, 
In secs. 8 and 16, T. 9 N., R. 1 W., it is formed by the top of the Brigham quartzite 
from which the Spence shale member of the Langston formation has been stripped; 
northwest of Dry Lake it is formed along the strike of the Madison limestone for 
1-2 miles. The eastern face of the west ridge shows much fault breccia, but this 
can be explained by the numerous transverse faults through the area. The out- 
crops of the formations, traced down off the ridge and into the Pisgah Hills area 
disclosed no mappable offset, although there may be some longitudinal displacement 
along the east side of the ridge. Along the east side of the “graben” exposures are 
much better, and the writer is convinced there is no Basin and Range faulting. 
From Mt. Pisgah south to Mantua Valley the east ridge is clearly controlled by the 
strike of the limestones in the Brazer formation. Along the east side of Mantua 
Valley the writer found no evidence of a N.-S. fault. The writer believes the three 
depressions in Gilbert’s graben are due to stream action, directed and accelerated 
by the numerous transverse faults in the area, and later modified by the action of 
subsurface water concentrated in the same fault zones. Thus the Dry Lake depres- 
sion is the upper part of the valley of Wellsville Canyon Creek enlarged by solution 
along the two transverse faults that border the depression on the northwest and south- 
east. One sink hole in the solution basin is now clogged, producing the ephemeral 
Dry Lake; another, on the east side of the basin near the south boundary of sec. 
28, T. 10 N., R. 1 W., still drains. The base of the walls of Mantua Valley north, 
east, and south is marked by large springs which have widened and deepened the 
lower part of the stream valley that intersects the regional water table. 


DAYTON FAULTS 


These faults bound northern Cache Valley on the west side, extending into Red 
Rock Pass at the north end of the valley. Along the northern Malad Range at Ox 
ford Peak the escarpment is bold and high, but it decreases southward along Old 
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Rattlesnake Ridge between Dayton and Weston and disappears across the valley 
of Weston Creek to reappear again defining Bergeson Hill on the east side and ex- 
tending into the Logan quadrangle as far as Newton Hill. The Dayton faults are 
multiple, and some branches, such as that which extends into the Logan quadrangle, 
show post-Salt Lake movement. A graben is developed in the zone across the mouth 
of Clifton Canyon, and behind the village of Dayton a pediment, developed on a 
downfaulted foothill mass of Salt Lake group rocks, is truncated by later movement 
on a branch fault farther valleyward. 


CLARKSTON FAULTS 


These faults bound the Junction Hills and Clarkston Mountain on the east and 
extend into the low area between the southern and northern sections of the Malad 
Range. Clearly there has been much movement in this fault zone since the deposi- 
tion of the Salt Lake group. North of Clarkston large blocks of these rocks are 
tilted in the fault zone, and the fault scarp along the east side of Junction Hills al 
veloped in these same rocks is very youthful. 


HISTORICAL GEOLOGY 
PALEOZOIC DEPOSITION 


One of the most persistent parts of the Cordilleran geosyncline centered near the 
area of the Logan quadrangle, and as a result every system of the Paleozoic sequence 
is well represented there, except the Permian, which has been eroded. The principal 
sources of clastic sediments for this seaway appear to have been the Northern Utah 
Highland (Eardley, 1939, p. 1285-1286) which stood to the west of the area in late 
pre-Cambrian and early Paleozoic times, and another positive area to the southeast, 
on the site of the present Uinta Mountain uplift, a part of ancient Siouis (Schuchert, 
1930, p. 1224-1227). The seaway appears to have been flooded almost continuously 
from Early Cambrian to Early Ordovician. The sand in the upper part of the Swan 
Peak formation, and the unconformity above it, mark the rise of the borderlands 
followed by a rise and draining of the seaway. Deposition resumed in the Late 
Ordovician. The thick Laketown dolomite represents part of Medial Silurian time 
and perhaps also part of the Early Silurian epoch. Analyses of 15 spot samples 
taken across the outcrop of this formation in Green Canyon prove that it contains 
little or no detrital material and averages about 95 per cent dolomite. The two 
Devonian formations contain much sand and are separated by a disconformity that 
represents much of Medial Devonian time. When the upper part of the Beirdneau 
sandstone member of the Jefferson formation was being deposited the shore line of 
of Siouis extended through the area of the Logan quadrangle. The unconformity 
above the Jefferson formation is one of the most profound in the sedimentary succes- 
sion of northern Utah and indicates uplift and warping of the seaway, followed by 
considerable erosion. 

The Mississippian period is well represented by the Madison limestone and the 
thick Brazer formation. Interruption of sedimentation at the close of the Madison 
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stage must have been accompanied by uplift of the borderlands because the basal 
member of the Brazer formation is sandstone. There is a similar basal sandstone ip 
the Morrowan series at the head of Sardine Canyon, indicating another diastrophic 
impulse at the close of Mississippian time. A profound unconformity bevels the 
Brazer and lower Pennsylvanian rocks in the area indicating probable uplift and 
warping between the Morrowan and Desmoinesian epochs. The 5000 feet of cal- 
careous sandstones above the unconformity probably includes some rocks of Vir. 
gilian or late Pennsylvanian age. Outcrops of Permian rocks north and south of the 
area show that it was probably covered by the Permian sea that deposited the Park 
City formation, although no Permian rocks are now exposed in the Logan quadrangle, 


MESOZOIC EVENTS 


Early Mesozoic deposition.—To the north, in southeastern Idaho, and to the south, 
in Weber Canyon, a thick succession of Triassic sandstones, limestones, and shales 
is exposed. This succession thins southeastward toward ancient Siouis, largely 
through thinning of its limestone tongues. This wedge of sediments must have coy- 
ered the area of the Logan quadrangle, where its thickness was of the order of 4000- 
5000 feet. Similarly, the Nugget sandstone and Twin Creek limestone of Jurassic 
age have a combined thickness of about 5000 feet in these adjacent outcrops, and 
likewise they probably covered the area between to a thickness of the same order. 
The Preuss sandstone, about 1200 feet thick on Preuss Creek in the Montpelier 
quadrangle (Mansfield, 1927, p. 99) and the same on the upper Weber River at Peoa 
(Eardley, 1944, p. 837), may have been deposited as far west as the meridian of the 
Logan quadrangle. The same is true of the thin (250 feet) Stump sandstone, the 
shoreward equivalent of the late Jurassic Sundance and Curtis formations. In any 
event the Mesozoic seas probably deposited some 10,000 feet of sediment over the 
area under discussion before late Mesozoic diastrophism elevated the area into moun- 
tains. 

Late Mesozoic orogeny.—Retreat of the late Jurassic seas was followed by the rise 
of the Mesocordilleran geanticline, which elevated the Logan quadrangle area into 
mountains. These mountains furnished the coarse sediment for the conglomerate 
tongues in the Morrison formation and the Gannett group which accumulated farther 
east. During Colorado time the late Cretaceous sea spread westward into Utah 
until its shore line lay approximately through the Logan area (Speiker and Reeside, 
1926, p. 436). As Montana time advanced, accelerated uplift of the geanticline 
shifted the shore line eastward. This more rapid rise of the land mass is associated 
with the strong deformation of the Laramide revolution that produced the folds and 
overthrusting in the Logan area, the thrusting and folding in the Ogden Canyon 
area to the south (Eardley, 1944, p. 865), and the thrusting and folding to the north- 
east in southeastern Idaho (Mansfield, 1927, p. 198). By early Eocene time diastro- 
phism had subsided, and the stromatolitic limestone and conglomerate of the Wasatch 
group were accumulating in the Logan area. 
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General statement.—The surface upon which the gravels of the Wasatch group 
accumulated in early Eocene time shows, in the vicinity of Temple Peak and at the 
north end of Wellsville Mountain, between 500 and 1000 feet of relief, yet the Cowley 
Canyon limestone member was deposited on a nearly horizontal plain which covered 
at least the southeastern third of the quadrangle. A rather gently sloping alluvial 
plain on the western side of the Wasatch Basin, where an evanescent lake might fill 
a shallow basin formed between coalescing alluvial fans, with highlands and steep- 
gradient streams to the west, is conceivable. Extensive erosion over the area before 
gravel accumulation is proven by the fact that the Wasatch conglomerate lies on a 
surface that truncates the Logan Peak syncline and the Strawberry Valley anticline. 
This planation must have been accomplished in late Paleocene time. 

The average thickness of the Wasatch conglomerate in the Logan quadrangle is 
about 300 feet, in the Randolph quadrangle to the east 1000 feet (Richardson, 1941, 
p. 34). This is probably due to two factors—thinning of the original deposit on the 
side of the Wasatch Basin, and removal from the uptilted Temple Ridge and Front 
Ridge blocks in late Cenozoic times. 

In the Weber Canyon area to the south, the rocks of the Wasatch group record 
gentle folding in Eocene time (Eardley, 1944, p. 862). In southeastern Idaho Mans- 
field recognized (1927, p. 14) gentle post-Wasatch folding. The only evidence of 
such folding in the Logan quadrangle is in the extreme southeastern corner of the 
area, in T. 9 N., Rs. 3 and 4 E., where, at the base of Hayes Ridge, the Cowley 
Canyon limestone member of the Wasatch group is found at elevation 7580 feet, 
about 1000 feet higher than the outcrops of the member in T. 10 N., R. 3 E., and 
where, along the west side of Sheep Creek in sec. 35, T. 10 N., R. 3 E., the beds of 
Wasatch conglomerate dip gently toward the west. In sec. 18, T.9 N., R. 3 E., 
Wasatch beds dip 12° W. These facts suggest a fold in the Wasatch beds that trends 
generally N.-S. in general coincidence with Hayes Ridge. Other distortion of the 
Cowley Canyon limestone member is thought to be due to Basin and Range faulting. 
An exeption is the occurrence in sec. 36, T. 12 N., R.3 E. This is nearly 2000 feet 
above outcrops only a few miles to the northeast and is too much to explain on the 
basis of tilting of the Front Ridge block alone. Perhaps it represents recurrence 
later and hundreds of feet higher in the section, of conditions that produced locally 
stromatolitic limestone. 

Early Cenozoic peneplane.—The high peaks of the Logan quadrangle and areas 
immediately adjacent show a general accordance of summit levels of elevations be- 
tween 9000 and 10,000 feet including Temple Peak on Temple Ridge, Naomi, Logan 
Providence and Millville peaks on Front Ridge, and Oxford and Wellsville peaks to 
the west, and James Peak to the south. If this indicates peneplanation, as interpreted 
by Eardley to the south and Mansfield to the northeast, then the area was once cov- 
ered by an erosion surface, called the Herd Mountain surface by Eardley (1944, p. 
873) and the Snowdrift peneplain by Mansfield (1927, p. 14). 

If such an erosion surface existed in this area it must have antedated the formation 
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of Cache Valley. As far as known to the writer, Cache Valley is essentially a graben, 
delineated by Basin and Range boundary faults. There is no evidence that it was 
originally defined by downfold, as Eardley conceived Morgan and Salt Lake valleys 
to have been (1944, p. 876). By the time the sediments of the Salt Lake group be. 
gan to accumulate not only had Cache Valley been formed to nearly its present depth, 
but the low passes, such as that which connects Bear River Valley with Cache Valley 
across Junction Hills, and that which connects Ogden and Cache valleys, had been 
formed. A patch of Salt Lake rocks lies just north of the Ogden Valley—Cache 
summit in sec. 16, T. 8 N., R. 1 E., at elevation 6265. The same sediments appear 
to have been deposited to the south, east, and north of Clarkston Peak, and west, 
south, and east of Oxford Peak only after the major topographic features of the area 
—mountains, valleys, and connecting passes—had been formed. Possibly the orig- 
inal Cache Valley was partly or wholly due to stream erosion, but if so subsequent 
faulting shows a high degree of coincidence with valley boundaries. 

These facts require the evolution of Cache Valley to near its present form before 
the deposition of at least those Tertiary sediments that are exposed in the foothill 
benches and that contain Pliocene fossils. Pre-Salt Lake group faulting in Cache 
Valley may have begun in Miocene time, or even earlier, but an earlier date is not 
required by the known evidence in the Logan quadrangle. An early Cenozoic age 
for the high-level peneplane seems more suitable for the area of the Logan quadrangle, 
and a Miocene age, assigned by Eardley to the Herd Mountain surface, too young. 

Rendezvous Peak erosion surface.—After initial movement on the East Cache, 
Hayes Ridge, and Temple Ridge faults had created Cache Valley and the Bear River 
Range, a period of stability ensued during which a gently sloping erosion surface 
developed about the shallow Cache Valley. This surface is preserved along the 
crest of Rendezvous Peak where it slopes eastward to the base of James Peak. It 
is preserved in the higher summits of the Pisgah Hills, including Mt. Pisgah, and on 
the north-south trending spur between Brushy and Shumway canyons on the west 
side of Wellsville Mountain. It is preserved in the gently sloping profile at the north 
end of Wellsville Mountain and in the gently sloping high-level surface on the east 
side of Clarkston Mountain. 

While this surface was developing about Cache Valley it is believed that the gently 
sloping surface of the head of Blacksmith Fork, including Ant Valley, was formed. 

The Rendezous Peak surface appears to have been deeply dissected before deposi- 
tion of the Salt Lake group sediments. 

Deposition of Salt Lake group.—The great bulk of the sediments that constitute the 
Salt Lake group are fine-grained, well bedded, and tuffaceous. Odlitic and compact 
limestones are common, and, while at many localities about the valley there are 
conglomerates and breccias, there are many places where the fine-grained sediments 
were deposited directly against the slopes of Paleozoic rocks. Undoubtedly these 
sediments accumulated in a lake that filled Cache Valley and extended over the passes 
into adjacent valleys to the south, west, and north. Maximum elevations (6200- 
6700 feet) at which these sediments now occur are accordant in South Hills, at the 
north end of Wellsville Mountain, about Clarkston Mountain, and on the east side 
of Cache Valley, despite the post-Salt Lake group deformation. The age of the lake 
on the basis of Yen’s (1947) determination of the mollusks is late Pliocene. 
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McKenzie Flat erosion surface.—Following the development of the Rendezvous 
Peak surface and the depositing of the sediments of the Salt Lake group, renewed 
movement in the boundary faults of Cache Valley, particularly those on the west 
side—the Wellsville, Clarkston and Dayton faults—jumbled the Tertiary rocks at 
most places in the fault zones and in many places brought them in fault contact with 
the Paleozoic rocks. Subsequent erosion in a comparatively short time produced a 
pediment on these weaker rocks, which extended mountainward onto the Paleozoic 
rocks. 

The surface produced at this time is particularly well preserved at the south end 
of Cache Valley where it includes McKenzie Flat and Hyrum and Paradise benches 
and extends northwestward across the summit at the head of Sardine Canyon and 
across the higher levels about Mantua Valley. It is developed in a small area on the 
west side of Wellsville Mountain southwest of Mendon, and on the higher levels of 
Junction Hills. It includes also the surfaces of Clarkston and Richmond benches. 
Its elevation ranges from about 5500 feet to 6000 feet. For this surface the writer 
proposes the name McKenzie Flat surface. 

The McKenzie Flat surface is now dissected to maturity; subsequent movement 
on outer branches of the boundary faults having truncated it and provided the present 
low base level for the valley streams, which have dissected it. 
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AGE OF THE KINGSBURY CONGLOMERATE IS EOCENE 
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ABSTRACT 


The Kingsbury conglomerate and immediately overlying gravels on the east side 
of the Bighorn Mountains in Wyoming interfinger eastward with “‘Wasatch”’ strata. 
The latter contain Eocene vertebrates, species of which have been found in the 
Kingsbury conglomerate. In addition, the “Wasatch” strata contain an Eocene 
flora that includes the floating fern, Salvinia preauriculata Berry, which, because it 
is not found in earlier beds, permits recognition of the Paleocene-Eocene boundary 
in the Rocky Mountains and Plains region. 


CONGLOMERATES AND GRAVELS ON EAST SIDE OF BIGHORN MOUNTAINS 


The geological map of Wyoming published by the U. S. Geological Survey in 1925 
depicts in orange color a number of irregular patches of conglomeratic strata marked 
Te (Tertiary Eocene) distributed over a distance of 30 miles along the east front of 
the Bighorn Mountains. These deposits, for which Sharp (1948, p. 1) now proposes 
the name “Moncrief gravel”, were mapped and described by Darton (1906a, p. 
68-70, Pl. 47) as Tertiary. Beneath or adjacent to these outcrops, however, is 
about 2500 feet of conglomerate which Darton (1906a, p. 60) named Kingsbury 
conglomerate and assigned to the Cretaceous. On Darton’s map the Kingsbury 
conglomerate is a separate stratigraphic unit marked Kk, but it does not appear on 
the 1925 geological map of Wyoming, having been merged with the strata marked 
Tw (Tertiary Wasatch). The two conglomerates are said to contain distinguishable 
lithologic materials and, at some localities, are thought to be angularly discordant 
but the fact that both interfinger eastward with the “Wasatch” strata of the Powder 
River Basin indicates that, except for perhaps some of the youngest deposits, these 
conglomerates and gravels are of “Wasatch” age. 
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At higher levels, on the southeastern portion of the granite core of the Bighorn 
Mountains, are still other areas marked Te. The identification and correlation of 
these deposits, as well as other gravels capping Te in some localities but not ind: 
cated on the map, are deemed to lie outside the scope of this paper. 


THE KINGSBURY CONGLOMERATE 


Six miles southwest of Buffalo, Wyoming, and roughly parallel to the trend of the 
Bighorn Mountains but several miles east of the foothills is an elongated, dissected 
ridge called Kingsbury Ridge (Wegemann, 1917, Pl. 23 B), which I examined on 
September 13, 1940. The uppermost strata in the ridge are conglomeratic, yellow. 
ish to varicolored, cross-bedded, and rest, by an erosional and slightly angular un- 
conformity, that is not apparent at every outcrop, on the worn surface of a late Fort 
Union (Paleocene) sequence of sandstones, shales, clays, and lignites—all dipping 
about 30° northeastward. To the conglomeratic beds Darton (1906a, p. 60; 1906b 
p. 8) gave the name Kingsbury conglomerate, which he classified as Cretaceous and 
characterized as follows: 

“The materials are pebbles and bowlders, mostly of Carboniferous limestones and darker colored 
chert and the very distinctive flat-pebble conglomerate of the Deadwood formation of the mountains 
west—ingredients which indicate uplift and deep degradation. Granite pebbles occur in small 
numbers to the north, but they are more abundant in the exposures along Piney Creek [southwest of 
Banner], and none were observed near Clear Creek and southward. ...The conglomerate occurs 
mostly in layers 6 to 12 feet thick, interbedded with dark-greenish to light-yellow clays. Layers of 
coarse, gravelly sandstones also occur, which usually grade into the conglomerate. In the vicinity 
of French, Clear, and Johnson Creeks, ‘and again from North Fork of Rock Creek to Moncrief Ridge, 
the conglomerate extends to the slope of the front range and abuts against the limestone. In other 
portions of the area it is me Thi from this ridge by the outcrop zone of the Piney formation [Upper 


Cretaceous and Paleocen This irregularity in relations is due partly to faulting and partly to 
overlap. ... The thickness in this vicinity [Kingsbury Ridge] is about 2,500 feet.” 


The outcrop of Kingsbury on Kingsbury Ridge is illustrated by Wegemann (1917, 
Pl. 23 B) and at other localities by Darton (1906a, Pls. 19, 20). 

Before the Kingsbury conglomerate was named, Salisbury and Blackwelder (1903, 
p. 220-222), discussing the glacial phenomena of the Bighorn Mountains, recognized 
the existence of some of the older gravels on the east side of the mountains and de- 
voted several paragraphs to them. They concluded that the gravels were fluvial 
deposits accompanying probable glaciation long antedating the Pleistocene. 

About the time of Darton’s description of the Kingsbury conglomerate, the Lara- 
mie-Fort Union or Cretaceous-Tertiary boundary problem was being briskly debated 
As this conglomerate occurred above Darton’s Piney formation, which he assigned 
to the Cretaceous, and below his De Smet formation, which in the main he also left n 
the Cretaceous, although Knowlton (Darton, 1906a, p. 66) had identified Tertiary 
plants from it, the question of its correct assignment was part of the fuel that was 
always thrown on the fire whenever the boundary problem was broached. Ih 
1909 the evidence concerning the age of the Kingsbury was as follows, quoting two 
of the chief discussers of the problem: 

T. W. Stanton (1909, p. 267): 

“The Kingsbury conglomerate has a... thickness of at least 2500 feet west and southwest of 
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. Fossil plants and invertebrates were collected here by Mr. T. E. Williard in 1907 and . . . a mail 


mal jav 

of T. 

termine 

there W 

The 

| glomeré 
plants, 

Wasatc 

Mr. J. 

rejon 

the unc 

F. I 

“Th 

the fac 

norther 

souther 

=, 

was reg 

phase 

| Union | 
To 

Weget 

“Th 

a coars 

regular 

stratific 

or drat 

actual | 

the sof! 

It is c 

across | 

fore, aj 

The 

an abr 

(De § 

betwee 

By 

round 

evide: 

Trice 

sands 

with 

glome 

ing H 

assign 

Th 

(Wil 

evide 

age 0 

Rive 

jawc 

(Pale 


THE KINGSBURY CONGLOMERATE 1167 


jaw... by H. S. Gale. ..in 1908. Mr. Gale made a plane table map .. . in the southwest part 
of T. 50 N., R. 82 W., and in the northwest corner of T. 49 N., R. 82 W., which enabled him to de- 
termine accurately the stratigraphic positions of the various collections and to demonstrate that 
there was a large amount of erosion of the underlying beds before the conglomerate was deposited. 
_,. The most important collections ... are from finer strata interbedded with the Kingsbury con- 
merate about 600 feet above its base. . . . The collections include a considerable list of Fort Union 
Jants, a few land and fresh-water invertebrates . .. which . . . seem to be related to Wind River and 
Wasatch rather than to earlier forms, and a part of a small mammal jaw. . . . Concerning this jaw 
Mr. J. W. Gidley reports that it is ‘closely allied to Tricentetes [Tricentes], a genus found in the Tor- 
rejon of New Mexico.’ All the evidence both paleontologic and stratigraphic tends to prove that 
the unconformity at the base of the Kingsbury conglomerate is well up in the Fort Union.” 


F. H. Knowlton (1909, p. 210): 


“That the unconformity at the base of the Kingsbury is not of wide [sic] significance is shown by 
the fact that it was not detected in a section made at Parkman, only about 25 miles north of the 
northernmost extension of the Kingsbury, nor has it been found a few miles to the southward of the 
southern limits of the formation. Along the eastern margin of the Kingsbury it may be observed 
fingering into the soft shales and sandstones of the De Smet formation . .. ; in fact the Kingsbury 
was regarded by Mr. J. A. Taff, who surveyed this area for coal in 1907, as merely the near-shore 
hase of the upper member of the Fort Union. At a number of horizons in the Kingsbury Fort 
Union plants have been collected.” 


To the foregoing quotations may now be added some comments from Gale and 
Wegemann (1910, p. 144), who mapped the Kingsbury Ridge area: 

“The conglomerate is composed of water-rounded gravel and bowlders . . . [that are] cemented in 
acoarse sandy matrix and seem... to have been laid down in channel deposits of exceedingly ir- 
regular bedding. The conglomeratic strata, which are in many places thick and massive, are inter- 
stratified with finer-grained, more uniformly bedded layers of sandstone and shale, dull greenish gray 
or drab in color....In many places the conglomerate . . . constitutes but a fractional part of the 
actual strata represented, the coarse debris resulting from its disintegration covering and concealing 
the softer beds. The Kingsbury conglomerate . . . is evidently a shore, delta, or alluvial-fan deposit. 
It is clearly unconformable with the underlying formations, as its outcrop transgresses obliquely 
across them and its dip is somewhat discordant with that of the adjacent beds. Its deposition, there- 
fore, appears to have followed . . . a period of uplift and denudation . . . of the Bighorn Mountains. 
The transition from the Kingsbury conglomerate to the finer sediments overlying it is by no means 
anabrupt one. Local beds of conglomerate . . . occur throughout a considerable thickness of strata. 
... To the north and also to the south the Kingsbury .. . fingers out .. . and the normal Fort Union 
{De we strata succeed the dark shale of the Piney formation without sign of break 

tween them. 


By 1917, after examining a larger area, including the Pumpkin Buttes and sur- 
rounding region in the Powder River Basin, Wegemann (1917, p. 57-60) had enough 
evidence to say in effect that the lower 3200 feet of Darton’s Piney formation, with 
Triceratops, is Lance; the upper 2000 feet, comprising the bluish-white shale and 
sandstone of the Great Pine Ridge and a considerable thickness of lignitic strata, 
with fossil plants, is Fort Union; and the unconformably overlying Kingsbury con- 
glomerate is “Wasatch” because it interfingers eastward with Eocene strata contain- 
ing Hyracotherium (Eohippus) and Coryphodon. Nace’s (1936, p. 100-104) summary 
assigns the Kingsbury to Upper Paleocene (?). 

The Kingsbury conglomerate is now classed as a member of the Wasatch formation 
(Wilmarth, 1938, p. 1098). G. L. Jepsen (1940, p. 241), reviewing the vertebrate 
evidence that had accumulated in respect to this problem, concurred on the Eocene 
age of the Kingsbury and the correlative “Wasatch” strata farther east in the Powder 
River Basin. Here correction was made of Gidley’s error in identifying the mammal 
jaw collected by H. S. Gale on Kingsbury Ridge as being allied to Tricenies, a Torrejon 
(Paleocene) species. It represents in fact a species of Diacodexis (P1. 1, figs. 7, 8), so 
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identified by C. L. Gazin in a letter to Jepsen in 1939 and verified by Jepsen. The 
genus is not known to occur before the Eocene. 

Despite the foregoing published stratigraphic and paleontologic indications of the 
Eocene age of the Kingsbury conglomerate, there is reluctance in some quarters 
to regard the subject as closed. Consequently, I present photographs of some of the 
more significant, original specimens involved in this question and place new and cor. 
roborative evidence into the Eocene side of the balances. 

My consideration of the Kingsbury conglomerate problem resulted from the pur. 
suit of an investigation, begun in 1931, of a number of formations in the Rocky 
Mountains and adjacent Plains, the first objective of which was to determine the 
position of the Cretaceous-Paleocene boundary. No sooner, however, had I made 
some progress in finding the elusive lower limit of the Paleocene (Brown, 1943), than 
I found that the upper limit was for some localities also regarded as indefinite. One 
of these localities is the type section of the Kingsbury conglomerate. Another is the 
large area comprising western North Dakota and eastern Montana where the Tongue 
River member of the Fort Union formation, the Sentinel Butte shale, and some 
younger lignitic strata crop out. On the north side of the Missouri River, at the 
North Dakota-Montana line, a sequence of these strata is the type section of the 
Fort Union formation. Therefore, it is important to know whether all of this se- 
quence is Fort Union—that is, Paleocene—or whether some or all of it is Eocene. 

Since 1908 the Sentinel Butte shale, described by A. G. Leonard, and typically 
cropping out above the Tongue River member at Sentinel Butte, North Dakota, 
has successively been considered as an upper member of the Fort Union, as Fort 
Union (?), and as Wasatch (Eocene). Somewhat similar, though lighter-colored 
strata, overlying the Sentinel Butte shale in the region east of the Little Missouri 


River, have been referred to as the “unnamed member of the Wasatch.”’ The chief | 


difficulty attending the age determination of these strata and the locating of the | 


Paleocene-Eocene boundary has been the continuing lack of diagnostic fossils, al- 
though both fossil plants and animals have been looked for assiduously. Unfortu- 
nately, mammal remains are exceedingly rare in the otherwise magnificent badland 
exposures of this terrane. Such scarcity suggests that this portion of the sedimenta- 
tion basin was so swampy during the coal-forming stages of Paleocene-Eocene time 
that it was an unfavorable habitat for mammals, probably because it did not pro- 
vide suitable food and shelter and was too dangerous, being infested with predatory 
species of the crocodilelike champsosaurs, turtles, and large fishes. The fossils in- 
volved in the solution of the Paleocene-Eocene boundary in this eastern area will 
be referred to after discussion of the Kingsbury conglomerate situation. 


FOSSILS FROM THE KINGSBURY CONGLOMERATE 


In 1936, 1938, and 1940 I examined the conglomerate areas along their outcrops 
from southwest of Sheridan to Sussex, Wyoming, but found no diagnostic fossils 
more closely assignable than early Tertiary. I satisfied myself, however, that the 
masses of conglomerate along the mountain front are the near-source facies of the 
“Wasatch” of the Powder River Basin, because their eastward tongues interfinger 
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| with those strata. In fact, these tongues stretch farther east into the Plains strata 
than is generally known or suspected. For example, beds of conglomerate are ex- 

in the cuts on U. S. Highway 87 on the hill just south of Banner, and also in 
the hill southeast of Kearney where they interfinger with lignite, clinker, and other 
strata. Another tongue can be seen in the hilltop 5 miles east of the bridge on U. S. 
Highway 87 over Crazy Woman Creek, about 10 miles from the mountain front. 
A basal conglomerate of the ““‘Wasatch”’, appearing rusty in the midst of cross-bedded 
gay sandstone, crops out in the upper third of the bluffs on the south bank of the 
Powder River about 3 miles west of the mouth of Salt Creek and 25 miles east of the 
muntain front. On the east side of the Powder River Basin, where the strata rise 
out of the broad syncline, I have seen no evidence of conglomerates at the horizon 
assumed for the Paleocene-Eocene boundary. Neither have I seen any in the vicin- 
ity of Sheridan where the Roland coal seam has hitherto been assumed to be the top 
of the Paleocene section. It is probable, for reasons too lengthy to be explained here, 
that the boundary in the Sheridan coal field may be at least 200 feet above the 
Roland coal. 

On July 7, 1941, however, I explored some conical hills about a mile northeast of 
Kingsbury Ridge and 4.5 miles southwest of Buffalo in the NW sec. 22, T. 50 N., 
R.82W. There at the top of a hill, in the greenish sands overlying variegated shale, 
carbonaceous shale, conglomerate, and yellow sands, I found specimens of Hyra- 
colherium (Eohippus) (Pl. 1, figs. 1, 2), Coryphodon (PI. 1, figs. 5, 6), and a portion 
of an unidentified jaw (Pl. 1, fig. 9). Turtle remains were also abundant. The 


Hyracotherium represents the same species but is a little larger than the specimen 
(Pl. 1, figs. 3, 4) I found next day in the varicolored ‘““Wasatch” beds exposed in the 


_ hills that can be seen about 1 mile east of the Carl Volkner ranch buildings in sec. 22, 


| 1.44N.,R. 79 W. This outcrop is about 9 miles north of the Davis ranch locality 


| in NE} NW3 sec. 25, T. 43 N., R. 79 W., from which Wegemann (1912, p. 447; 


1917, p. 59) reported Eocene vertebrates in correlative strata. 

Although the Hyracotherium, Diacodexis, and Coryphodon specimens definitely 
establish the Eocene age of that horizon in the type section of the Kingsbury con- 
glomerate from which they were taken, which is about 600 feet above the base, some 
observers may insist that this leaves the basal portion still in doubt and also neither 
proves that the upper, overlying gravels are Eocene nor bars them from being 
younger. The reply to the first point is that the basal conglomerates of the Kings- 
bury rest unconformably on the eroded surface of the Fort Union formation (Paleo- 
cene), and that at localities north, south, and east of Kingsbury Ridge, where the 
conglomerate fingers out among fossiliferous carbonaceous shales or sandy clays, 
the latter contain an Eocene species of floating fern, Salvinia preauriculata Berry 
(PL. 1, figs. 10, 12, 13). I have collected thousands of fossil plant specimens from 
hundreds of localities in the Paleocene terrane of the Rocky Mountains and Plains, 
but I have never found a Paleocene Salvinia. In 1941, however, I found a Cretace- 
ous species (Pl. 1, fig. 11) in the “Laramie” formation (Lance) east of Craig, Colorado. 
The absence of Salvinia from the Paleocene record of the Rocky Mountain region is, 
therefore, somewhat anomalous. Its simultaneous reappearance at about the same 
stratigraphic level nearly everywhere in Wyoming, Montana, and North Dakota 
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is unexplained, but, in consequence, Salvinia preauriculata serves, at least locally ang 
tentatively, as an Eocene “index species”. Hence, in my opinion, the basal part 9 
the Kingsbury conglomerate is also of Eocene age. 

The overlying gravels (Tertiary of Darton and ‘“Moncrief gravel” of Sharp) aly 
interfinger with “Wasatch” strata containing Salvinia preauriculata. Moreover, in 
the 400-foot section of nearly horizontal conglomerate, sandstone, carbonaceoys 
shale, and sandy shale, cropping out in the south bank of Clear Creek near the ep. 
trance to Clear Creek Canyon, 5 miles west of Buffalo on the transmontane U, §, 
Highway 16, I found fragmentary leaves of Cercidiphyllum arcticum (Heer) Brown, 
Platanus sp., Aralia sp., and pieces of coniferous wood—a collection indicative of 
early Tertiary age. 

The Kingsbury conglomerate-”Wasatch” of the Powder River Basin east of the 
Bighorn Mountains has a correlative in the “Wasatch” of the Bighorn Basin west of 
the mountains. Recently Van Houten gave the name Willwood formation to part 
of the early Tertiary strata in that basin. At a number of localities he found that 
the Willwood contains conglomerate (1944, p. 181, Pl. 4, fig. 3) but at others only 
channel sandstone (p. 183). Significantly, however, in SW} sec. 24, T. 47 N., R. 9 
W., 10 miles east of Worland, Wyoming, a slight angular unconformity separates 
Fort Union and “Wasatch” beds. Effects of uplift of the Bighorn Mountains in 
early Eocene time, therefore, seem to have been recorded in the strata on both sides 
of the mountains. Further, if, as seems likely, an angular discordance exists within 
theconglomerates and gravels on the east side of the mountains, it confirms the hypoth- 
esis of Demorest (1941, p. 162) and Sharp (1948, p. 14) that at least two distinct 
episodes of orogeny occurred during Eocene time. 


PALEOCENE-EOCENE BOUNDARY IN NORTH DAKOTA 


Field work during 1947 in the eastern Montana-western North Dakota area seems 
to have solved the Paleocene-Eocene boundary problem there satisfactorily. Before 
going to the field to map several quadrangles in the vicinity of Hebron, North 
Dakota, William E. Benson, of the U. S. Geological Survey, knowing that he would 
be confronted with the boundary problem, consulted with me and received the advice 
to look for diagnostic mammals and also for the first appearance of Salvimia pre- 
auriculata. When I arrived in North Dakota the Benson party had already anti- 
cipated my expectations by finding S. preauriculata in the basal carbonaceous strata 
of the “unnamed member of the Wasatch” just above a prominent coal outcrop 
about 3 miles north of Hebron. On the contrary, despite much prospecting in the 
underlying Sentinel Butte shale there, in the badlands along the Little Missouri River, 
and at the type section of the Fort Union formation between Buford, North Dakota, 
and Snowden, Montana, I found no specimens of this fern. All the plants and aii- 
mals so far taken from the Sentinel Butte shale and its lateral equivalents appear 
to be Fort Union species. In my opinion, therefore, the only portion of the lignitic 
sequence of strata in this area that is of Eocene age is the relatively thin remnantdl 
uppermost beds called the “unnamed member”, preserved in the higher hills and 
divides of the broad, synclinal basin between Dickinson and Hebron and northward 
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to the Killdeer Mountains and Grassy Butte, in North Dakota. As the “unnamed 
member” is not present in the sequence at Fort Union, North Dakota, the entire type 
section of the Fort Union formation is of Paleocene age. That the Sentinel Butte 
shale thus remains as an upper member of the Fort Union formation (Brown, 1948) 
as originally considered, is compatible with some lithologic evidence not heretofore 
adduced when the age of that shale has been discussed. Southwest of Broadus, in 
southeastern Montana, and about 125 miles southwest of Sentinel Butte, North 
Dakota, a dark sequence of shale, coal, and sandstone resembling the Sentinel Butte 
shale and occupying the same stratigraphic position overlies the light-colored Tongue 
River member of the Fort Union but underlies the lignitic sequence in which Salvinia 
jreauriculata first appears and indicates that the Paleocene-Eocene boundary has 


been crossed. 

The naming, description, and areal delimitation of the “unnamed member” are 
let to others. My congratulations go to William E. Benson, Roger Colton, and 
Fred Stugard for their diligence in searching for and finding the fossil evidence that 
provides a happy solution to this long-standing problem in North Dakota. As for 
myself, I hereby disclaim profundity concerning vertebrate fossils, but gratefully 
acknowledge my indebtedness in this connection to Dr. C. L. Gazin, Curator of 
Vertebrate Paleontology in the United States National Museum. 
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Pirate 1.—EOCENE MAMMALS AND PLANTS 
Figure 

1-4.—H yracotherium (Eohippus) sp. 1, 2, side and top views of specimen form Kingsbuy 
conglomerate in NW } sec. 22, T. 50 N., R. 82 W., 4.5 miles southwest of Buffalo, Wyo. 
X2. U.S.N.M. 17254. 3, 4, top and side views of specimen from ‘‘Wasatch” fom- 
ation in sec. 22, T. 44 N., R. 79 W., 40 miles southeast of Buffalo, Wyo., X3. USNM. 
17256. 

5, 6.—Coryphodon sp. Two views of specimen from Kingsbury conglomerate, 4.5 miles south- 
west of Buffalo, Wyo., X1. U.S.N.M. 17255. 

7, 8.—Diacodexis sp. Side and top views of specimen from Kingsbury conglomerate in middle 
of S $ sec. 29, T. 50 N., R. 82 W., 6 miles southwest of Buffalo, Wyo. X3. U.S.NM. 
16307. 

9.—Unidentified jaw from Kingsbury conglomerate, 4.5 miles southwest of Buffalo, Wyo, 
x1. 

10, 12, 13.—Salvinia preauriculata Berry, a floating fern. 10, from Eocene, on tributary of Pat 
O’Hara Creek, about 12 miles northwest of Cody, Wyo. X2. 12, from about 
feet above the Roland coal in sec. 21,T.9S.,R.45E., Mont. X1. 13, showing broken 
surface leaf and rootlike, filiform, submersed leaves, from Eocene, in SW 3 sec. 34,T. 


47 N., R. 101 W., Wyo. X2. 
11.—Salvinia sp. From “Laramie” formation (Upper Cretaceous) on U. S. Highway 4, 
5 miles east of Craig, Col. 2. 
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EOCENE MAMMALS AND PLANTS 
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